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I. DOUGLAS 
I 
PRECIS OF "DENUDATION RATES AND WATER 
CHEMISTRY OF SELECTED CATCHMENTS IN 
EASTERN AUSTRALIA AND THEIR SIGNIFICANCE 
FOR TROPICAL GEOMORPHOLOGY" 
BY IAN DOUGLAS . 
Landform evolution can be studied conveniently 
in the context of the complex interaction of geologic 
climatic, hydrologic, biotic and pedologic factors 
which may be termed the denudation system. Denudation 
systems within 47 small catchments relatively free of 
human interference in the Cairns- Atherton Tableland and 
south-eastern New South Wales areas are compared by 
measurement of the rate at which rivers evacuate material 
from their catchments . Detailed descriptions of physical 
geography and analytical techniques are given to provide 
an adequate background for the subsequent interpretation 
of results. 
Stream gauging and analyses of water samples for 
total dissolved solids content and suspended sediment 
concentration provide basic data for the calculation of 
the rate of removal of material per unit area from these 
47 catchments . Individual determinations of rates of 
solute and suspended sediment removal for each river are 
used to calculate regressions on discharge . These 
regression lines can be termed sediment-rating curves or 
curves of "potential erodibility" for they indicate the 
load which would be carried by flows of given magnitudes . 
Flow duration curves calculated from daily mean 
discharges for those streams with permanent water level 
recorders are used in conjunction with the potential 
erodibility curves to calculate mean annual rates of 
solute and suspended sediment removal . Approximate 
flow duration curves for catchments without recorders 
are derived by comparing instantaneous discharges on 
gauged and ungauged catchments. Bed load and unmeasured 
suspended sediment load are estimated as a percentage of 
measured suspended sediment load on the basis of measured 
I' 
suspended sediment concentrations, channel character-
istics and the size of bed material 
Comparisons between individual catchments in 
each area illustrate the importance of local character-
istics such as vegetation, catchment relief and human 
interference . Comparisons between the Cairns-
Atherton Tableland area and south-eastern New South Wales 
on the other hand show that denudation rates are higher 
in the wetter, tropical area. Although very much lower 
than rates of denudation measured in other parts of the 
world , the rates measured in the Cairns- Atherton Table-
land area are comparable to those measured in Cambodia and 
in the areas of the Potomac River Basin least affected by 
man . 
Suspended sediment loads in eastern Australia tend 
to increase with increasing runoff, although they are much 
more closely correlated with the p2 :P ratio derived by 
Fournier . This ratio is the square of the maximum mean 
monthly precipitation divided by the mean annual precipi ta-
tion . As precipitation in the Cairns- Atherton Tableland 
area is much more seasonally distributed than that in 
south- eastern New South Wales it is uncertain whether the 
higher rates of denudation in the tropical area are affected 
by factors peculiar to the tropical environment or not . 
It is argued that similar rates of denudation are likely to 
occur in both tropical and extra- tropical areas with similar 
precipitation characteristics . 
Examination of the chemical quality of river waters 
shows that their solute composition is affected by lithology, 
that precipitation supplies a high proportion of the salts 
carried by rivers with low total dissolved solids concentra-
tion, and that the rate of removal of silica is no higher in 
tropical than extra- tropical areas . 
In conclusion the difficulty of using present -
day denudation rates for the estimation of the effective-
ness of past morphogenetic systems is discussed . The 
effects of man ' s destruction of vegetation and Quaternary 
glaciation render paleogeographic use of contemporary 
process studies very hazardous . 
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?REFACE 
This reconnaissance comparative study of the rates 
of removal of material by rivers in two widely separated 
areas of eastern Australia endeavours to assess the role 
of climate in landfor~ evolution. The first two 
chapters explain the background and reasons for this 
study and the techni c: ues used. Three following chapters 
describe the areas in which investigations were made. 
This detailed description of physical geography is 
presented to provide an adequate basis for the evaluation 
of the comparisons made later . For example the geology 
of the areas studied is described carefully as lithology 
profoundly affects the chemicaJ composition of drainage 
waters. 
The basic results are pre s ented in diagram and 
table form and are described in Chapters Six and Seven. 
To facilitate cross- reference the tables , figures and 
plates are bound in a separate volume. Discussion of the 
results is presented in Chapters Eight to Eleven. 
Comparisons between the two study areas are made first 
and then results from other areas are contr asted with 
the Austra}_ian data . 
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CHAPTER ONE 
INTRODUCTORY COMMENTS ON THE ~'. TUDY OF 
DENDDATION Rt TES, WITH SPECIAL REFERENCE 
TO TROPICAL AREAS AND TO AUSTRALIA 
This study of the r a t es at which material is 
being removed from some small ca tchments in eastern 
Australia endeavours to apply some of the conce~ts and 
techniques developed since Horton's 1945 paper stimulated 
greater attention to the quantitative assessment of land-
forms and the processes which op erate up on thew. 
Al though the work is set in a geomorphic context, the 
investigations and discussion of results make use of the 
broad spectrum of interests concerned with catchment 
denudation, from forestry and engineering to 
setl imentology and 0eochemistry. 
MODERN TRENDS I N GEOl'i ORPHOLOGY 
Geology is largely quantit a tive, and it is 
r apidly a nd ~rop e rly becoming more so (Mackin, 
1963, p.161) . 
In the Soviet Union and the United States of 
America, the work of Popov ( 1962) and Leopold, Wolman 
and 1-Iiller (1964) has shown tha t fluvial geomorphology 
today is a thoroughly integ rated study of landforms 
continually changing as a result of processes of varying 
intensity and frequency of occurrence. The study of 
the nature a nd rate of o~eration of denudation processes 
is a guide to both the dynamics of landforms actively 
evolving at the present, and to t he int e r p ret a tion of 
relict landform~ t hrough the exam ination of correlative 
deposits . 
This thesis exan ines some aspects of fluvial 
denud a tion and se6i men t transport p recesses . It 
involves problems of sampling two continually varying 
populations ? st ream flow and the concentration of 
2 
material in fluvial transport . Even if it were 
possible to instrument a stream fully and to arrange 
for the continuous sampling of bed load movement, the 
geomorpholo6ist would still be sampling a very 
heterogeneous population . There is not only the 
interaction of the large number of va riables involved 
in 0 eomorphic processes, but also the continuous 
varia tion of each of them . For example channel width 
varies not only along the course of the stream in space, 
but also at a given point in tirae as a result of bank 
erosion or collapse, or infilling by sedimentation of 
debris supplied from tributaries . If the rare possibility 
of highly instrumented continuous observation of these 
many variables be excluded, sampling procedures which 
take account of the chai1ging intensity of denudation 
processes h2ve to be adopted . These methodologic and 
practical problems loom larte in the planning and 
execution of this stuGy of r a tes of denudation in 
selected small catchi.lents in two contras ting areas of 
eastern Australia. 
DYNAMIC GEOMORPHOLOGY OF THE HUI-HD TROPICS 
Nos connaissances sur les particul ~rites 
morphogenetiques des regions chaudes restent ••• 
encore tres insuffisantes, •.• il nous manque 
encore beaucoup de uonnees precises , beaucoup 
d ' elements quantitatifs notamment (Tricart, 
1965 , p . 7) . 
The recogni tion of lanct forms apparently 
uniquely the produ ct of morphogenesis under humid 
tropical conditions has led to a General notion that 
there exis ts a special humid tropical form of morphogenesis 
in which chemi cal processes predomina te over mechanical 
action . The classic conce pt of weathering and 
chemical action in the humid tropics is reflected in 
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the following recent st_atement : 
In the humid tropics, unuer th e influence 
of high tempera ture and humidity, weathering 
takes pl ace rapidly, leaching is very 
effective, and organic ma tter, although 
produced in greater abundance, is generally 
much more rapidly and completely decomposed 
than in cooler an d drier clima tes . Leaching, 
under some tropical conditions , removes a 
wider, or at least a different, range of 
substances. Even silica, which is the 
leaching residue in many northern cold 
regions, disappears from many tropical soils, 
leaving a residue of iron and aluminium oxides 
(Fosberg, 1962, p.37) . 
Although there is abundant evidence of deep 
weathering and the ren oval of l a r g e volumes of silica 
from soil p rofiles in the humid tropics, the rates at 
which these processes occur are not Hell est ablished and 
their alleged rapidity has been questioned . Thus, 
while Corbel (1957a, 1957b) finds that the r a te of 
removal of silica in solution is h igher inequatorial 
reg ions than in other areas, Rougerie (1961) shows that 
there is little difference in the rate of loss of 
silica from crystalline rocks in the central - west of 
the humid tropical Ivory Coast and from similar rocks 
in Limousin in humid tempera te France. Rougerie 
however notes tha t silica concentrations in stream 
waters are highest in the driest periods of the year . 
Carbonnel (1964a) confirms this an d suggests that 
"l'erosion chimique est un phenomene lent qui n ' a pas 
le temps de se p roduire quand les debits sont tres 
eleves" (1964b, p . 154) . 
On the other h and, only small variations of 
silica concentrat ions with discha rge are noted by S . N. 
Davis (1964) who finds tha t stream water appears to 
acquire most of its silica within a relatively short 
period of time , and tha t silica concentrations are not 
primarily controlled by tempera ture . This question 
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of the mobility of s ilica serves to illustrate both the 
lack of general knowledge of the geochemistry of 
weathering an0 denudation in the tropics, and the 
impossibility of making a general st a tement on denudation 
processes in the humid tropics from the results of a 
few isola ted quantitative studies from widely differing 
areas . 
Lack of observa tions in humid tropical areas 
Lack of distinction between the wide variety 
of tropica l climLtes is one source of the ap}a.r ent 
divers i ty of results from studies of tropical erosion . 
The numb er Oi.~ uet ancl cl ry months and their va ria tion from 
year to ye a r a re particul a rly important aspects of 
trop ical climates which a. ffect pecl ogenesis anci denudation. 
Such an associa tion of rainfall intensity and occu ~ence 
is often neglect ed, 
Wolman and 1-li ller (1964, p . 78) that when p recipita-
tion ex ce eds 650 mm per year, weat hering proceeds at a 
maximum r a te , additional precipitation produces no 
greater quantity of soluble products and suspended and 
dissolved loads are more or less const an t in streams 
; 6 p ~s :trl ~ .z..).I'~ jJ~ . 
drainin[; all wetter areas1' On the other hand, Fournier 
( 1960) has a diag ram (p . 130) which shows that suspend ed 
sediment load s increase grea tly as the r a tio of the 
squa re of t h e maximum me an monthly precipit a tion to the 
me an annu a l precipitation increa ses. 
The literature on tropica l fluvial proces ses 
ancl denudati on i s div e rse i n origins and outlook . 
Studies of denudation have been mad e on catchments from 
the size of expe rimental plots to th ....  t of the Am azon basin 
and in topog raphic situations from steep mountain slopes 
to alluvial plains of ne0 ligible relief . Before drawing 
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any conclusions on the rate of denudation in the humid 
tropics, much closer attention must be paid to the 
environmental conditions in which denudation occurs . 
Palaeogeographic significance of tropical climates 
Even though the present extent of the tropics 
is an adequate justification for studying geomorphology 
in that environment, the importance of troJical 
conditions durin0 the Tertiary for the evolution of 
landforms in many a reas now outside the tropics 
strengthens the case for a thorough investigation of 
tropical denudation . This palaeogeographic 
significance of tropical climates prompted many of the 
major studies of tropical geomorphology in recent years , 
notably by Dakker (1957a, 1965) and Corbel (1957a) . 
However this emphasis on palaeogeography may perhaps 
have led to a one-sided view of tropical geomorphology, 
in that the tropics \'/ere consiciered frora without and the 
variety of morphoclimatic environments within the tropics 
was obscured by the distinction between the European and 
North American types of morphoclimatic system and those 
of lower l ~titudes . 
Previous work on rates of denudation in the tropics 
The notion tha t weathering and denudation 
proceed rapidly in tropical conditions dates back to at 
least 1829 when Caldcleugh SU{:,gested that in Europe "the 
agents of destruction are feeble compared with those of 
a tropical country" (quoted by Branner , 1896, p . 313) . 
This assumption of more rapid weathering and erosion in 
the humid tropics than in extra- tropical latitudes was 
questioned as early as 1896 by l-1errill who states "An 
impression is still to some extent prevalent to the 
effect th t rocks decompose more rapidly in warm and 
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moist than in cold clim2.tes 11 • He adds an import ant 
comment on the relative efficiency of denudation 
processes: "In warw and moist climates decomposition 
follows so closely on disintegration as to form the 
more conspicuous feature of the phenomenon, while in 
dry regions, or those subject to energetic frost action , 
mechanical processes prevail and disintegration exceeds 
decomposition". 
The older concept of a higher r a te of weathering 
in humid tropical areas has persisted in most of the 
literature 1 Richa rds (1952, p . 207) fer example states 
"In a \'let tropical climate erosion as well as weathering 
is rapid and on steep slopes the soil may be very shallow 
even under a forest cover" . Some authors have related 
the deep weathering to a high r a te of chemical denudation 
making such st~tements as : 
Weathering can p enetrate to depths of 50 feet 
below ground in tropical regions, ope~1ing the 
way to dissolving ground water which supplies 
a high cha rge of diss olved substances to 
tropical rivers . Rivers flowing through 
steaming equatorial forests carry ten times 
as much material in solution, volume for 
volume of water, as do the rivers of lands 
in middle latitudes (Dury; 1959, p . 10) . 
Although the idea of a high rate of denudation 
in the humid tropics has wide acceptance , there have 
be en few quant itative studies of denudation r ~tes in 
humid tropica l c a tchments . Much more is known 
qualitatively of the chemistry of weathering processes . 
It is extremely difficult to reduce the complex integra-
tion of physical, chemical and biotic phenomena involved 
in pedogenesis to the scale of l aboratory experiments 
which could show the r '- te of operation of soil forming 
processes . This difficulty may be compared \·tith some 
of the successful experimental studies of rock 
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disintegration involvii::i&; frost a ction or attacl· by salt 
solutions, such as those by Henin and Robert (1964). 
Mohr and van Baren (1954) emphasise that in 
some tropical localities rock weathering may be extremely 
rapid, wh ereas in others it is a lonG slow process . 
The stress these authors place on parent material and 
seasonal volume a.nd distribution of rainfall underlines 
two powerful variables which may obscure the broad 
thermal and associa te t climctic influences on the r ates 
of operation of processes . 
Sapper 's work, culiminating in his 
"Geomorphologie der feuch ten Tropen" ( 1935) formed the 
basis for a better underst anding of the geomorphology 
of the humid tro p ics . This fund 2.mental work emphasising 
the role of vegetation and the hu~e volumes of 1&ter 
which circulate through the forests , soils and rivers of 
the humid tropics is thoroughly characteristic of the 
modern dynamic approach . Early quanti t a tive studies of 
denudation in Brazil (Freise 1933, 1935) and Indonesia 
(van Dijk and Vogelzang, 1948, van Dijk and Ehrencorn, 
1949 , de Haan, 1952) still provide some of the best 
information on the transport of a terial by tropical 
rivers . 
Two of the many studies of denudation processes 
in the humid tropics published in recent years deserve 
special Llenti on . Rougerie ' s reJort of ten years ' 
observation in the Ivory Coast (1 960) provides an 
unparalleled geomorphic evaluation of weathering 3.nd 
erosion processes in a r ai n forest environment . 
Although Fournier ' s broad survey (1960) of the relation-
ship bet ween cliu1ate anC:: erosion in all -)arts of the 
world relies large ly on previously publ ished data , it is 
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soundly based on experience in the foru.er French 
te r ritories of \/est Africa. The exciting general 
relationships for catchments in different broad climatic 
categories between suspended sediment load and the 
amount and distribution of mean annual precipitation 
developed by Fournier encourage the prosecution of more 
det ailed studies akin to those wad e by Rouge rie to test 
the validity of these a ssociations. 
The emphasis on denudation in the mos t humid 
part of Australia in the present wore stems from these 
considerations. Advantage is taken of some of the 
cha r acteristi cs of the Aust r al ian scene to exaL1ine the 
relative r a tes of denudation in a humi ~ tropical a rea 
and a non- tropical a rea. 
THE AUSTRALIAN SCENE 
The broad uniformity of Ge ologic and topographic 
evolution and the gene r al simila rity of form and 
structure of the major veget ation types in eastern 
Australia provide suit 2.ble conclitions for comparative 
studies between t ropical and extra- tropical a reas, 
despite the limited extent of the humid tropical 
conditions . 
Studies of geomorphic processes in Australia 
Of t he few ge omorphologists working in 
Austral ia before 1945, only Craf t (1932, 1935) paid much 
attention to the nature ancl effects of fluvial processes . 
His observations on the rivers of SE New South /ales have 
yet to be superseded by work based on t he techniques 
developed in the last twenty years . In the r ecent 
upsurge of geomorphic investigati ons in Australia, 
several relevant to fluvial p rocesses, particularly the 
analysis of stream flow frequencies and the relationship 
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to channel morphology,. have appeared (Dury 1963, 1965 , 
Dury, Hails and Robbie, 1963, Goede , 1965 and 
Robinson, 1965) . Most studies of J rocesses in the 
tropics (Driscoll, 1964 , Wright, 1963) are rel a ted to 
weathering and slope development . Occasional 
references to the transport oi ma terial by rivers are 
found in the geomorphic sections of CS IRO reports 
(Twidale, 1964a) and studies of weathe ring which bear on 
the denudation problem h~ve been made by geologists 
(Craig and Loughnan , 1964) but these do not discuss rates 
of opera tion of p rocesses . Only Twidale's study of 
bank erosion (1964b) provides a quantit a tive assessment 
of the amount of um t orial ent e ring a river . No 
geomorphic studies of the rate a t which rivers are re-
movinc rJ.a teri a l f ro m their c a tchments app ea r to have 
been carried out in Australia . 
Observa tions on the material c~rried by Australian rivers 
Al though no geomorphic work has been done on 
the loads of Aus tralian rivers, studies in other fields 
provide s ome helpful infor ~t ion. The relationship 
between the ch emistry of rainwater nd of surface wate rs 
and the terrestrial or oceanic origin of a t mospheric 
salts has been discussed by agricultura l scientists 
(Hutton and Leslie , 1958) . Lirnn ologists concerned with 
the nutri ent balance of surface wate rs have also studied 
the chemis try of river and rain water (Bayly, 1964, 
Bayly and Willi am s, 1964, Williams and Siebert, 196 3) . 
Many chemical analyses of river w:::ters made by water 
supply ancl public health authorities (Simmon ' s, 1963) 
are unpublished . 
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Some water supply authorities have carried 
. 
out regul a r suspended sediment or turbidity observations . 
Such dat a from the Snowy 1-iount ains Hydro- electric 
Authority ari d the Commonwealth Dep a rtment of ·Jorks will 
be discussed later in this study. Observations of the 
solid loaC of rivers have been made in connection with 
s pecific engineeri ng p rojects , such as the Ord River 
scheme (P atterson, 1965) . 
The writer does not know of any actual 
measurements of bed load transport which may have been 
made in Aus tralia. The Hunter Valley Research Foundation 
is studying the movement of bed material using tracers and 
also has a suspen~ed sed i ment s ampling prograr..mie in 
opera tion (T. l"c 1ahon, personal communication) . 
Studies of the rate of denudation in Austra lia 
Although there is a considerable, if diverse , 
body of information on the ma terial bein0 carried by 
rivers in Australia, t here are very few studies in which 
estimi:, tes of the r a.te of removal of material h,, ve been 
calcula ted . In •/est ern Au s tralia Finucane L'.l1 d Forman 
(1929) observed the load carried by the Swan River during 
the 1926 flood , and further studies of s ediment removal 
by flood wa t e rs were made in va rious ca tchments by 
Carroll and Cla rke (1940) . V. G. Anderson has o ade a 
very important contribution to the removal of solutes by 
rivers in Vjctoria (1941, 1945) . 
Studies of catchment denudation in relation 
to land use have been concentra ted largely on the 
mountain a reas of SE Australia . Soil 1 os s from 
exp erimental plots with v....,rious types of ve getal cove r 
in the Alpine zone of the Snowy !fount a ins is described 
by Costin 2nd co- workers (1960) . The wide r implications 
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of the effects of Grazing and associated burning have 
interested botanists (Turner, 1962) while the effects of 
forest filanagement practices of flood peaks and sedimenta-
tion in the mountain catchments of the ACT have been studied 
by foresters (McArthur and Cheney, 1964) . 
Several small experimental catchment or plot 
stuclies of rates of erosion h 2.ve been made by various 
state agricultural or soil conservation authorities . 
The largely unpublished results of these studies relate 
only to specific agricultural practices and are of little 
help in studying the geomorphic problem of catchment 
denudation. Many of the broader studies made by these 
authorities, such as that of the rel2.tionship between 
soil erosion and lm1d systems in Victoria (Gibbons and 
Downes, 1964), are entirely qualitative and while 
furnishing excellent descriptions provide no data on which 
to base calculations of denudation rates . 
The lack of quantitative data on erosion rates 
in Australia is h2 rdly sur~rising when it is realised that 
stream flow discharge is gauged for only 43% of the area 
of Australia where surface runoff is measurable . 
What is surprising is the slowness of the assessment of 
the water resources of a country as arid as Australia 
and the scant attenti on paid to measuring erosion where 
it is degrading soils in the better watered areas . 
AIMS AND llETHOD S OF THE .? RESENT STUDY 
With these three major considerations in mind 
the trend of modern geomorphology , the efficiency of 
denudation in the humid tropics and the need for 
measurements of catchment denudation in Australia - it 
was thought tha t a comparative study of the nature of 
denudation systet1s in two areas of eastern Australia 
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could perhaps provide . a useful contribution to the 
understanding of geomorphic processes . One of the two 
areas selected (Fig 1), the Cairns - Atherton Tableland 
area was an obvious choice as it has the most humid 
tropical conditions ancl the largest rain forest area in 
Australia with the a dditional aGvantage of several 
stream gauging anC climatologic stations . However 70 
years of 1;1hite settlement have grea tly changed the 
vegetation of this area with forestry activity now 
extending up steep mountain sides . The second area , 
SE New South Hales and the ACT has so · e of the best 
hydrologic re c ords in Australia and some parts 
have a mean annual precipit~tion of over 1,000 mm . i n 
this area, which was convenient for study from a base in 
Canberra, rain forest is only found in limited areas near 
the coast and has been very much disturbed , if not 
entirely removed . 
Despite these difficulties and although the 
short time available for fieldwork would not permit the 
collection of fully representative records at all stages 
of strearnflow , pursuit of a comp a rative study seemed 
justified as it would, at very least , give some notion 
of the order of magnitude of the rates of denudation in 
the two areas . It would also fom a framework within 
which closer studies of the quantitative aspects of 
denudation could be planned to provide the answe rs to 
s ome of the problems encountered in explaining the 
evolution of landforms . 
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Concept of the rate of denudation and the denudation 
process 
The r a te of erosion is th e quantity of 
material actually removed from the soil 
surface per unit of time and area, and 
this may be governed by either the 
transporting powe r of overland flow or 
the actual rate of erosion, which ever is 
smaller . If the quantity of material 
torn loose and ca rried in suspensicn in 
overland flow exceeds the quantity which 
can be transported, deposition or 
sedimentation on the soil surface will take 
pl ace (Horton, 1945, p .277). 
Although Horton's definition of the rate of 
erosion applies strictly to the removal of ·· aterial from 
t he soil surf ace by overland fl ow , it is similar to the 
concep t of the rate of denud at ion used in this study . 
Etymologically denudation impli es the laying bare of 
underlying material by the removal of the Iila tter above . 
In this st cdy the r a te of denudation is equated with the 
rate of removal of ula terial by a river from its 
catchment. 
While the amount of · at erial being carried 
past a certain point by a river reflects the overall r~te 
of denudation of the catchment above that point , it fails 
to reveal which parts of the ca tchment are being eroded , 
whether any sedimentation is teking place further 
upstream, or what the relative contributions of the 
various tributaries are to the total flow , chemical and 
""' solid load of the river . If the basi1 being studied 
is developed entirely on a single roc k type and under 
uniform ecologic conditions, the water and material 
evacuated from the ca tchment accurately define 
denudation conditions within tha t catchment . In 
larger bas ins with more complex geologic and ecologic 
patterns , studies of material being ca rried past a single 
point can only reflect a general reg ional r a te of 
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erosion, not necessar_ily related to any single s ystem 
of weathering and transport processes. In these more 
complex catchments 1 conditions are often such that 
material carried by the river is derived in different 
proportions from various pa rts of the basin according 
to the season of the year . 
Calculation of the rate of denudation. The 
calculation of a rate of denudation requires a know-
ledge of the total volume of wa ter reilloved , er unit 
area over a g iven period and the quantity of material 
being carried per unit volume of water during that 
period . If all the factors a re weasured in metric 
units, a simple calcul a tion : 
concentration of material x discharge 
drainage area 
with allowance for the units of time used in the dis-
charge measurement, will g ive the quantity of ma terial 
removed per unit area per yea r, in t e rms of metric 
tons/km2/year . In coverting this to cubic metres/km2/ 
year, which are the units Corbel (1959) has suggested 
be used as the st and a rd Luean s of expressing rates of 
denudation, allowance has to be made for the specific 
gravity of the material being transported in the 
modified calculation : 
concentration of material x discharge 
drainage area x specific g r avity of rocks in 
drainage area. 
This formula can be applied to any kind of observation, 
a single set of t easurewents mad e on one day or daily or 
annual means, to obt a in an expression of th e rate of 
denudation ope r a ting du ring the pe riod represented by 
the observa tion . 
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The denudation process . The denudation process has 
been envisaged as an open- system of continually v rying 
interacting phenomena , which tends to evolve an energy 
balance or series of quasi- equilibrium states . In the 
time scale in which the observations of this study are 
made, the quasi- equilibrium changes as stream flow and 
sediment loaQ change . The most severe ruptures of 
quasi- equilibrium a r e those caused by intense rain 
storms which provide both large volumes of water to 
carry away solid particles and solutes and high energy 
of raindrop i mpact to detach soil particles . As 
indicated by Schumm and Lichty (1965) other phenomena 
intervene in the denudation system during longer 
periods of time . On a moderate time scale the effects 
of vegetation destruction by 1an a re particula rly 
significant, often completely changing the rate of 
surface runoff and supply of sediment to stream channels . 
Over a much longer period of time tectonic activity or 
the gradual down- wearing of the catchment can change 
the runoff and sediment yield . 
While concurring with ~chumm and Lichty on 
the causes and relative dependence or independence of 
variables over different periods of time, the writer 
feels tha t in studying denudation systems analogies should 
be made with ecosystews and the interdependence of l.)hen-
omena should be stressed . Of the seven groups of 
factors which comprise the denudation system , three, 
lithology, tectonics and gravity are independent 
va riables and part of the fourth , hydrometeorologic 
factors, the energy derived from solar radia tion , is 
also an independant v a ri cble . The other three groups 
of factors, vegetation, soil forming processes and 
16 
runoff and st ream fl ow,. together with the remaining 
hydrometeorologic factors , are dependent va riables . 
The rate of denudation may be rega rded as the sum of the 
interactions of these sets of factors. 
The components of the denudation system 
. 
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Although the indivi dual factors 4n the 
denudation system react with one another, a brief review 
of the components is essentia l to understand the nature 
of the reactions involved and to illust rn.te the possible 
effects of va ri a tions in particular factors . The full 
analysis of even the more basic features of these 
reactions, such as plant-soil - water relationships, is 
far beyond the scope of this study and the following 
discussion me rely indicates some of the factors to be 
considered . 
Lithology. The nature of the m&terial on which 
denudat ion processes act is a fundamental part of the 
denud a tion system. The structure of the rock, whether 
macro-crist al line or micro-cristalline , uniforw or 
heterogeneous, determines the pattern of mechanical 
and chemical weathering . The ch emical composition of 
rocks is one factor in the rate of solution , the other 
being the nature of the solvent, a comp lex product of the 
soil forming p rocess . Keller's basic equation that 
source materials plus energy produce sedimenta ry rocks 
( 1954) emphasises the import an ce of the lithologic 
factor i n denudation. 
Tectonics . Catchment relie f may be considered the pro-
duct of tectonic forces responsible for the uplift or 
eruption of rock material and thus tectonic forces 
control erosion intensity through the relief developed 
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as a result of their a9tion. Although catchment relief 
is an independe~t variable in short term events involving 
changes in rainfall, runoff and sediment yield, absolute 
lowering of the land surface is constantly affected by 
tectonics . For example, in his study of the river 
Fyris, Hjulstr8m (1935 , p . 436) found that as the land 
was rising 0.5 cm per year and the river was only 
removin~ the equivalent of 0.0037 cm per year, the area 
was in a state of waxing development (aufsteigende 
Entwicklung , Penck, 1953). Thus if denudation is 
being studied in absolute terms, as the rate of 
reduction of relief of the land surface, some account 
must be taken of Penck's counteracting forces, those of 
building up against those of wearing down . 
Gravity. The movement of water on the surface of the 
ground or through soils and rocks occu rs under the 
influence of grr vity. Gravity is also a factor in the 
stability of slopes, the angle of repose of debris and 
the settling velocity of sedimentary particles. Owing 
to the gravity force, which is equal to the underwater 
weight of a particle , a submerged particle tends to 
settle towards the bottom, regardless of whether the 
liquid be at rest or flowing . The resistance that the 
particle has to overcome during the settling process 
may be caused by either viscous drag or turbulence 
depending on the relative velocity of fluid and particle 
(Scheidegger, 1961, p . 129). The entry of particles 
into transport and their maintenance in transport occurs 
when the energy of the flow exceeds the settling velocity 
of the particle . 
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Hydrometeorologic factors . These factors embrace the 
supply of water to the catchment, its behaviour within 
the catchment, the manner in which water is lost from 
the catchment , and the various meteorologic elements 
affecting water conditions . The variation in the 
action of this group of factors is the principal source 
of variation in the denudation system . \·/hile landforms , 
soils and vegetation are changing relatively slowly, 
unl ess subject to human interference , there is a 
constant and ra.,) id variation in the amount of 
precipitation falling on a catchment and in the energy 
provided by solar radiation. 
Precipitation may be regarded as the starting 
point for the analysis of hydrometeorologic factors . 
That its importance in catchment denudation is even 
greater than has often been appreci a ted will be one of 
the themes of this study . Firstl~ the nature of 
precipitation is si~nificant, snow with a tendency to 
accumulate has very different hydrologic and denudation 
effects from r ainfall . Secondl~ the quantity of 
precipitation received over a given period affects the 
soil moisture regime , the na ture of the vegetation 
cover and the water balance . Thirdly, the distribution 
of precipitation throughout the year and its variability 
over long er periods cause contrasts in the wetting or 
drying of the soil surface and in the significance of 
storm events in c a tchment denudation . Fourthly, the 
intensity of rainfall and the size and momentum of 
raindrops reaching the soil surface contra~ the 
detachment of soil fragments by splash . 
As the other meteorologic elements are functions 
of radia tion and moisture avail2bility, their effects on 
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catchment denudation are indirect . Tempe r ature inter-
venes in many ways, speeding up the r a te of chemical 
reactions lowering the vi s cosity and transporting power 
of water and generelly a ffecting organic activity . 
Hydrologically temperature i s significant in the loss 
of water through evapotranspiration and its retention 
as ice or snow . 
Wind affects fluvial denudation by supplying 
material to the atmosphere , not only from the surface 
of the catchment area, but also from distant areas , 
either as dust particles or as aerosols which are 
deposited on the catchment surface during du st or rain 
storms . This accretion of mate rial , which may form 
part of the sediment load of rivers , has to be 
reckoned with in assessing the rate of denudation . 
Vegetation. The import ance of vegetation in 
catchment denudation is evident in many ways . Firstly , 
it acts as a p rot ective cover to the soil, preventing the 
direct impact of rainfall on the soil surface . 
Secondly, vegetation prepares pcths for water move-
ment by the deve lopment of root systems in soils and 
rocks . Thirdly, it is ac tive in the translocation and 
transformation of solutes by the uptake of nutrients from 
the soil and the supply of orgcllic debris to the soil 
surface . Fourthly, veget a tion plays a major role in 
the hydrologic cycle using part of the avail able water 
in transporation . Fifthly, then ture of the vege tal 
cov e r affects the type and rate of surfa ce or subsurface 
runoff which ruay occur as a result of rainfall . 
Soil - forming processes . Pedo~enesi s can be described 
in terms of physical and chemical re a ctions involving 
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such processes as expansion, contraction, hydrolysis 
and solution . These reactions depend on the nature of 
the parent material and on the temperature, available 
water, hydrogen ion concentration and oxidation 
potential of the weathering environment . Many of the 
reactions involve complex biochemical processes nearly 
all of which, especially those involving humic compounds, 
are not well understood . The geomorphologist cannot 
attempt to investigate the full range of pedogenic 
reactions. \fuile remaining aware of their implications, 
he must adopt some simpler means of describing the 
probability of soil material being taken into transport. 
Andre{ and Anderson ( 1961) and Avenard and Tri cart ( 1960) 
have used various indices derived from soil mechanics. 
Such indices are helpful in establishing a quantitative 
basis for the comparison of the behaviour of different 
types of soils. They have not been used in this study, 
as insufficient time was available to establish their 
significance for work in fairly large catchments with a 
variety of soil site~ and associations. 
Pedogenesis in the strict sense involves 
translocation of m8terial, many soils being largely 
composed of material which has moved downslope. Such 
features are common in Australian soils (Butler, 1959) 
and have been said to be of importance in the formation 
of laterites (Lamotte and Rougerie, 1962) . In the 
short term study of catchment denudation, lateral 
movement of material in soils may be considered part 
of the general movement of material within the 
denud ation system. The most important aspects of soils 
in the context of the present study are cohesiveness, 
which is a function of mineral and organic composition 
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and granular structure , . and the soil moisture regime 
including frost action . 
Runoff and streamflow. The interaction of soils, 
vegetation and hydrometeorologic factors produces 
various patterns of runoff and streamflow. Runoff is 
the water which eventually reaches stream channels, by 
various paths, after losses by evapotranspiration and 
deep groundwater seepage out of the c at chment area 
have been deducted. 
Runoff reac1es stream channels by four routes : 
overland flow, subsurface flow, soil water seepage, and 
groundwater . Overland flow is usu a lly d ivided by 
engineers into two classes, laminar and turbulent flow. 
Horton (1945, p.313) suggests six c a tegories of overland 
flow related to erosion conditions . Tricart's 
classific2, ti on of overland fl ow ( 196 3) is a 1 ogical 
development of Horton's ideas and has more significance 
for denudation than the engineering classifications . 
Tricart's classification is : 
1 ) 
2) 
3) 
4) 
5) 
Percolation, where water sinks in the place 
it falls, 
Embryonic flow, where water moves a short 
distance downslope before infiltrating , 
Diffuse flow, movement of water through a 
vegetal mass such as grass cover without 
development of channels, 
Unintegra ted flow, such as that occurring 
under forests on slopes in which the path 
of wa ter downslope is continually broken 
by tree trunks, with resulting accumulation 
of debris upslope of the trunk, 
Integratecl flow, in which channels linking 
permanent s treams are developed , even 
though these channels can easily be 
obscured by ploughing : the elewentary 
form of concentrated flow. 
The areal extent of these various types of flow in any 
given catchment will depend in part on the a ount and 
intensity of r ai nfall, as well as on the nature of the 
ground su rface and vegetation cover . Being thus related 
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to catchment conditions, this classifica tion offers a 
means of describing type s of wa ter movement likely to 
cause erosion on catchment slopes . 
Subsurface flow in forested regions is often 
the main route by which storm runoff reaches stream 
channels . In aany cases in eastern Australia very 
heavy rains of over 70 mm per hour produce no overland 
flow in rain forests . On the other hand , Ruxton ( 1966) 
claims tha t surface runoff and water d rop erosion are 
more important un~er tropical r cin forest than under 
temperate forest . These a)parently conflicting 
observations a re probably a result of the contrasting 
physiognomy of rain forests in different areas and the 
varied nature of the forest floor . Richards (19 52, 
p . 27 - 30) describes l arge ba re stre tches of forest floor 
in Nigerian rain forest, a g rouna layer less dense than 
in a Eu ropean deciduous wood in Mixed Di~t e rocarp Forest 
in Borneo, and a shrub stratum and groun~layer with 
tree seedlings and herbaceous plan ts in Primary 1-iixed 
Forest in British Guiana . Secondary rain forest , 
especially in the early stages of regeneration, has a 
dense ground layer . 
Under conditions where surface r ~no ff is low, 
storm water infiltrates rapidly through the organic debris 
to the upper layers of the soil where it moves laterally 
to channels . This flo \1 is distinguished from soil 
water seepage a s it occurs only during the actual storm 
as a result of lateral movement before the water has 
infiltrated far into the soil . It is a product of a 
supply of wa ter exceeding the infiltration rate of the 
lower soil layer (Whipkey , 1965) . 
Soil moisture seepage occurs at the contact of 
rotted rock with soil and is particularly important in 
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areas of deep weathering as it is responsible for the 
maintenance of flow in many tropical headwater streams . 
Rochefort and Tricart (1959) suggest th~t this deep 
ci r cul a tion of soil moisture is resp onsible for most 
of the removal of solutes from soils . This type of 
water movement may also transport clay particles and 
contribute to solifluction und er suitable conditions . 
Ground water is used here for the water which 
a ctually circulates below the soil layer , which may or 
may not be above the permanent water t able . Ground 
water circulation occurs at d ifferent rates through 
various types of rocks . Thus in basins of complex 
geologic structure the proportions of the total flow of 
the main stream derived from tributaries d raining 
different rock types will vary from season to season , 
as F. M. Andrews ( 1962) showed in his study of the Thames 
Basin . 
There is always a possibili ty that not all 
the apparent area of the catchments contributes to stream 
flow as some ground water may be lost by deep percolation 
to other catchments . F . M. Andrews (1962) noted that 
this occurs in the chalk country of the Thames Basin, and 
it is likely to occur in some of the basalt areas 
examined in this study, but unfortun2.tely there is no 
means available to tell what proportion of the water 
falling on a catchment is so lost if any . Similarly 
some catchments may receive a net gain in runoff 
through the infiltration of ground water from other 
catchment s . 
This fourfold division of runoff r ou tes to 
streams is purely empirical , based partly on observa-
tions in NE Queensland, and on vs rious publications 
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describing rainfall - runoff relationships . All 
classes of flow interact with their neighbours and 
distinctions between them a re not sharp . The 
division's main value is as a guide to the means of 
suspended sed iment and solute transport from weathering 
site to stream channel . 
Stream flow in pe rmanen t ch annels is derived 
from runoff and direct channel precipi tation . It is 
prima ry evacu a ting illedium in the denudation system . 
Stream flow volume, velocity and variability a re 
related to an d react with channel characteristics so 
determining whether all material supplied to the stream 
is evacua ted, whe ther debris accumulates in the 
channel , or wheth e r debris is acquired by bank erosion 
and channel scour . The distribution in time of 
discha rges of va rious magn itudes is as important as the 
tota l volume of stream flow during a given p e riod in 
the removal of material from a catchment . 
This outline of the components of the 
denudation system is neces sarily brief . Vegetation, 
soil and wa ter factors have been studied in great 
det a il by such authors as Kittredge (1 948) and Penman 
( 1963) whose works are fundamental sources of relevant 
information. 
Concluding remarks on the na ture of the denuuation 
system 
The denudation sy s tem is seen, in the context 
of the river b asin, as an open system to which additions 
are continually being made and from which materi a l is 
constantly removed . As denudation p roceeds the 
cha racter of the system changes . The evolutionary 
nature of denudation syst ems is perhaps one reason why it 
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is difficult to make dir_ect comp 2risons between the rate 
of denudation observed today, over a pe riod of at most 
100 years, and the total rate of denudation during a 
geologic epoch . 
The utility of a study of rates of removal of 
material from ca tchments under different conditions lies 
primarily in the information it p rovides on the 
relative efficiency of various denudati on systems. 
The utility is increased if the components which make one 
system more efficient than another can be discerned . 
Further value is obt ained from such investigations if it 
is possible to construct u1athematical models of various 
systems in which components may be altered so that 
changes in behaviour of the systems may be predicted . 
The value of such a study is limited by the 
accuracy with which catchment variables can be u1easured 
and thus by the sampling procedures adopted. Variabi 1 i ty 
in unmeasured catchment characteristics makes compa risons 
between catchments d ifficult . However, as individual 
catchment cha racteristics are closely interrelated , any 
vari able used in catchment description contains the 
effects of the unmeasured characteristics . 
The value of the present study is thus 
limited by the backg round data on which it relies and 
by the short time available for making measurements . 
In the context of wlw.t has been done before and the many 
unanswered questions , it is offered as a further step to-
wards the understanding of processes fundamental to 
geomorphic description and explanation . It al so offers 
a guide to those who wish to c a rry on with this field of 
investigation, for: 
The more we know of basic physical processes , 
physiography, soils , and land use, the better 
variables we will devise an 1 t he g re a ter will be 
t heir significance; but more important , the better 
will be our measure of their true average effect 
(H. W. Anderson, 1957 , p . 924) . 
CHAPTER TWO 
THE CHOICE OF FIELD METHODS 
LABORATORY TECHNIQUES AND 
STATISTICAL PROCEDURES FOR 
THE STUDY OF DENUD ATION 
SYSTEMS 
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This chapter describes the general principles 
behind the techniques used for the observations and 
mea.surements employed on this study . It outlines the 
reasons for adoption and limitations of the various 
procedures and attempts to indicate why caution is 
expressed in the d iscussion of results of this research . 
These methods and commentary may provid e a basis for 
improvement by subsequent investigators . 
CATCHMENT SELECTION 
The ideal criteria for making a selection 
The general considerat ions of the denudation 
system and the quantitative app roach outlined in Chapter 
One lay behind the criteria for selecting catchments for 
study . The prime concern was to have catchments which 
had as many variables as possible in comfil on so as to 
isolate particular v ~ri , bl es. Thus ideally two catch-
men ts, one in NE Queensland and on e in SE New South 
Wales havin" such characteristics as : granite bedrock, 
rain forest vegetation, mean annual precipita tion of 
1200 m, area of 20 km2 and relief of 600 metres would 
provide good comp a risons between tro pical and 
extratropical conditions . Any significant differences 
in the behaviour of these two c atchments c ruld be 
attributed to contrasts between tropical and non-
tro~ical conditions rather than to local factors such 
as catchment relief or area . 
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All catchment_s should be in a virgin or 
wilderness st a te devoid of cha nges introduced by human 
activity . Rates of denudation assessed unc. er such 
conditions could be used to estimate rates of operation 
of Beomorphic Jrocesses over long periods or for 
palaeogeographic studies of r a tes of sedimentation. 
Basic data requirements for c a tchment selection 
As the time ava ilable for this s t udy was 
limited, it was evident from the outset tha t the 
establishment of elabora te c a tchment instrumentation 
networks and detaileG. field surveys of contours, geology , 
soils and vegetation woul d not be possible . Reliance 
would hr ve to be placed on existing contour maps , 
meteo r ological recording and observing stations , 
geologic maps, and vegetation and soil surveys where 
avail 2.bl e . Choice of ca tchments was thus restricted 
to those areas for which at least some of these basic 
data were available . Geologic maps at 1:250 , 000 had 
just been produced for the Cairns and Atherton Tableland 
area of NE Queensland in 1963 . A simila r map of the 
Canberra area w~s issued in 1954 and a new edition was 
expected in 1964 . Good networks of rain gauges with 
some pluviographs existed in both areas . Engineering 
proje cts and water supply schemes had led to the 
installation of stream gauges and recorders at several 
sites in both areas , even though these sites were seldom 
in ideal situations for making studies of catchment 
denuda tion . Studies of the rain forest ecology of the 
NE Queensland area by Webb ( 1959) and of the ecosystems 
of the Southern Tablelands and Highlands of New South 
Wales by Costin (1954) provided good starting points fo r 
compila tion of da t a on soils and vegetation . One 
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handicap, which would p~obably have been felt in most 
areas in Australia, was a paucity of temperature and 
evaporation observing stations . Data from such 
st tions woul d be invaluable for the assessment of the 
water balance of the catchments selected . 
This basic data requirement limited the choice 
of catchment to a reas away from true wilderness conditions 
and close to human settlement . Much of the mountain 
country in both NE Queensland and SE New South \/ales is 
still unde r natural vegetation albeit µartiall y affected 
by forestry activity . These conditions u1ade it 
impossible to avoid using some catchments affec ted by man . 
Practical considerations in catchment selection 
Accessibility of the sampling point under al 1 
weather conditions was a major consideration, as without 
gauginss and samples from the riv er under flood flow 
conditions, very little information on the r ate of 
denudation would be obtained . Cat chments on different 
rock types, within the same area, had to be reasonably 
close together so that they could be visited as frequently 
as possible, with the minimum loss of time in travelling 
between theu1 . These practical considerations p recluded 
the selection of c a tchments by a ran~om sampling tech-
nique . Instead uccessible streams at suit&ble gauging 
sites in catchments with a minimum of human interference 
and, as far as possibl e, uniform lithology and 
vegetation were chosen . Such catchments proved to be 
quite swall, less than 20 km2 , and sel om had any r a in 
gauges within the watershed . Such conditions made the 
extrapolation of hy<lrologic records from strerun gauging 
stations on larger ca tchments extremely difficult . 
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The value of results from occasional sampling 
at va rious stream flow st ages could be improved if there 
were a few variables for which long term continuous 
records were available . Thus in some cases, the 
r equirement of uniform catchment conditions was foregone 
t o include catchments on which permanent stream- flow 
gauges are maintained . In many instances these 
sampling points lay downstream of headwater ca tchments 
selected for study. On these gauged catchments it was 
possible to rel a te the hydrologic condi tions at the 
time of sampling to the strear.1 flow hyd rograph . 
This is particularly important in suspended sediment 
observa tions as the concentrat ions of suspended 
sediment a re almost invariably great er on the rising 
than on the falling st~ge of the hytlrograph . 
Daily or continuous observations of river 
stage als o facilitated the calculation of the annual 
r a te of denudation . The rel ationship between rate of 
denudati on and discharge was used in conjunction with 
the distribution in time of di scha r ge of given c lasses 
of magni tude to calcul a te the annual rate of denudation . 
The comparison of the l a rger, gauged catchments , with 
diverse forms of land use, with the small , relatively 
uniform, headwater catchments provided a guide to the 
effects of vegetation changes on catchment behav iour . 
SAMPLING TECHNI QUES USED IN THE STUDY OF 
CATCHMENT DENUDATION 
Importance of sampling a wide r ange of hydrologic 
conditions 
As stream flows fluctuate so much the i de al 
denuuation s tudy would involve continuous observation 
of water discharge and sediment transport . Failing 
this a satisfactory result can be obtained from daily 
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or twice daily sampling .of stream flow as was done on the 
Barron River during the pe riod November 1964 to January 
1965 i n the course of t his study . Unfortuna tely such 
fr equent sampling was not pos sible for the other streams 
studied and a p ro gramme of sampling over the full range 
of streamflow conditions was adopted . 
A random sampling tec hnique of selection of 
dates on which to sampl e streams wa s not a dvisable , as 
it was essential to examine the rivers at highflows . 
Studies of the rel a tionship be t ween stream.flow magni tud e 
a nd sediment loads h c: ve shown that 11 Events of moderate 
f r equency rather than catastroJ hic event s account for a 
l a rge percent age of the tot al sediment r emoved from a 
drainage basin " (Leop old , Wolman and Miller , 1964 , p . 74) . 
Such moderate events are flood flows with a recurrence 
interval of once or twice a year . It was vital that 
every effort should be made to sample these h i gh fl ows , 
pa rticul a rly as the concentra tion of sed iment in flood 
flows varies with the state of dryness of the cat chme n t 
surface when a storrm occurs . 
River flow observa tions at st a tions with permanent 
recorders 
The permanent stream flow st 2ge recorders 
were used as basic reference stations for comparing the 
behaviour of gaug ed with ungauged catchments. The 
s t ream- gauging authorities were cautious about the 
reliabili t y of the records obtained from the recorders , 
particula rly about the val ue of their r a ting tables at 
high discharges . Some local p roblems existed where 
the rock controls a t the gaug ing sites were being 
modified . Strike- a - light Creek in New South Wales was 
one example of this . Bank erosion had resulted in a 
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widening of the stream . channel, and the deepening of a 
minor channel around the edge of the rock control . In 
this case , some stream gauGings with a current meter 
were mad e to check the validity of the rating table . 
The streamflow read from the rating table was 10 per cent 
less than the current meter measurewent at flows of 
less than 0 . 5 m3/sec . 
The stations with permanen t recorders or staff 
gauges were : 
Queensland 
Mary River 
Freshwater Creek 
Barron River at Picnic Crossing 
Wild River above 1 t Garnet Road Bridge 
Millstream at Revenshoe 
Behana Creek a t Aloomba (daily read staff gauge) 
Nitchaga Creek (daily read staff gauge) 
New South \'/ales and the Australian Capital Territory 
Strike- a-light Creek 
Condor Creek 
Queanbeyan Rive r at Narongo (installed September 
1964) 
Macquarie Rivulet ) 
Kangaroo River ) occasional visits only 
At these sites, the normal procedure for this investiga-
tion was to note the height on the gauge and to find the 
corresponding discharge from the gauging authority ' s 
rating table . 
Normal stream gaur2 ing procedure 
The standard technique for stream gauging in 
Australia is current - meter measurement of stream flow 
velocity at ten or more verticals and at one or more 
points in each vertical at any particular cross- section 
of the st ream. Observa tions are made by wading in 
shallow streams and by using a cableway or endless wire 
travell er at high flows or in deep streams (Bibra , 1965) . 
In this study current meter measurements were made 
whenever possible by wading . In Queensland from 1963 
to 1964, a Price cu) - type meter lent by the Irrigation 
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and Wa ter Supply Commission was us ed . Later, gaugings 
were made with an Ott propeller typ e meter. The minimum 
depth of water in which these current me ters could be 
used satisfactorily was about 15 cm . When stream flow 
depths are less than 15 cm the most accurate means of 
measurement involves the construction of a V- notch weir 
or the use of a Parshall flume. Both these techniques 
involve construction of concrete st ruc tures and were not 
possible vrithin the limits of t hi s investigation. As 
an alternative , the velocity head rod was used . This 
simple instru ent is described by Linsley, Kohler and 
Paulhus (1949, p . 202), the model used in this study 
having been developed and constructed by the CSIRO 
(Stefanek, 1961, Chapman and McIntyre, 1964) . The rod 
was not s a tisf actory at stream flow velocities of less 
than 25 cm per second. 
It was not p ossible to measure small stream s 
at very low flow an C: estiL1a tes had to be used in calcula-
tions of rates of denudation . However, the quantities 
of material being tran s port ed a t these extremely low 
flows form such a small pa rt of the total sediment load 
carried by the river over a long period , tha t errors in 
the est i"G1ation of the very low flows do not introduce 
serious errors in t he total rate of denud a tion 
calculation. Errors in the measurement of hif,h flows 
are more serious , and particula r ca re was needed when 
the stream had risen above t he limits of t he minor 
channel and was flowing in the flood channel . The 
latter often carries a conside rable vegetation cover, 
through which stream flow velocities a re quite different 
from those i n the minor cha nnel . Very often f low in 
t he minor channel and tha t in other sections of the 
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flood channel were u1easured as two separate components 
and the two discharge total s summed to giv e the total 
discharge. 
Sampling for dissolved load 
Water samples for the determination of total 
dissolved solids concentration and chemical analysis 
merely involved collecting , in a polythene bottle, 
water from the entire vertical section of the fastest 
flowing part of the stream. Care \/as taken to avoid 
cont aminat ion of the sample by washing the bottle 
thoroughly in the stream being sampled , and by keeping 
the hands away from the opening of the bottle while it 
was being filled . Glass containers were not used 
b ecause silica might be dissolved from the bottle while 
the sample wasawaiting analysis. 
In large rivers there is evidence that waters 
from tributaries mix very slowly, and there is thus a 
considerable variation in water quality across the 
stream as occurs in the lower Amazon (Oltman and co-
workers, 1964) . However, it is thought that there is 
little likelihood of any varia tion in water quality across 
the stream in the small catchments examined in this study . 
Suspended sediment sampling 
Suspended sediment samples were collected 
using the U. S . DH- 48 suspended sediment sampler described 
in Report No . 6 of the Subcommittee on Sedimentation (U . S . 
Federal Interagency River Basin Cou1ID.ittee, 1952). 
This depth- integra ting sampler (Pl a te 1) was used to 
collect samples a t one, two or three places in the 
stream cross- section , depending on the width of the 
stream . For small, turbulent , swiftly flowing mountain 
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streams one sampling p_oint at the fastest flowing part 
of the stream was sufficient . The hand sampler had 
its limitations in fast flowing streams at high dis-
charges in that , before it could be lowered to the 
b ottom, the sample bottle had already been filled . It 
is probable therefore that sediment concentrations at 
high discha rges were un~erestimated . 
The importance of high discharges in the 
transport of suspended sediment i s so great that 
additional precautions were taken to try to avoid missing 
infrequent flood events . Single- stage suspended 
sediment samplers as designed and tested by t he Sub-
c ommittee on Se&imentation (U . S . Interag ency Committee 
on \vat er Re5ou rces, 1961) were used to collect samples 
automatically when the rising stage of the flood reached 
the sampler mounted at a fixed height . The time and 
discharge when the sampler was filled could be obtained 
from the chart in the stream flow recorder . The 
samples obtainea using the single- st age sampler do not 
yield the true wean concentration of suspended sediment 
in the river wa ter a t the time of sampling . Even when 
the velocity di s tribution across the stream is known , 
there is no satisfact ory way of rel 2ting the sediment 
concentra tion a t the sampling point to the average 
concentration for the entire width of the stream. 
It is even more difficult to rel a te th e sediment con-
centration at a point to the concentration in a vertical 
section of th e stream , despite va rious theories which 
have been advanced to explain the di stribution of 
s ediment in a stream vertical . 
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The suspended sediment concentration deter-
mined from the sample collected in the single- stage sampler 
was thus not a reliable estima te of the suspended 
sediment concentration in the river a t the time of 
collection of th t sample . No tests were made to com-
pare the concentrations obtained from the single-stage 
and depth- integrating samplers used on a river at the 
same time . However , in the absence of such checks 
samples obtained from single- stage samplers gave some 
idea of the order of sedi ment concentrations at high 
discha rges for which no other information was available . 
Measu rement and observation of bed load 
At present there are no equipment or analytical 
techniques for getting t otal load in non- sand 
st reams ( 01 tman, 1962) . 
One of the difficulties which arises with the 
use of the depth- integrating suspended sediment sampler, 
is that it does not sample the st ream flow in the 7 cm 
closest to the stream bed . Part of the suspended 
sediment load is thus unmeasured . The re is al so the 
unmeasured quantity of material which is being moved along 
the bed of the st ream . These two quantities of trans-
ported material need to be knov:n if an accurate assess-
ment of the rate of removal of material by rivers is to 
be rJade . Yet they a re ex tremely difficult quantities 
to measure . Although the relationship between the 
rate of transport of ma terial as bed load and suspended 
load with hydraulic factors such as mean velocity, size 
of bed material, channel width and depth of flow has 
been thoroughly investigated , an empirical formulae 
for deriving total load from the suspended sediment load 
and such hydraulic factors have been est ~blished, the 
applica tion of these relationships and formulae to the 
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transport of material ·in n~tural streams is far from 
easy . 
The phy sics of silting and erosion is a 
subject which does not lend itself easily 
to investigations . Transport of sedi-
mentary iaaterial is governed by too many 
factors for decisi on by laboratory 
experiments . Full scale investigations 
by collection of data from flowing rivers 
and canals, and empirical determinations 
of relations involved in the regime 
channels are plenty, but very often they 
are also wide of the mark (Vaidhianathan , 
1952) . 
Bogardi ( 1961) makes the distinction between 
t he hydraulic ant the hydrologic factors which affect 
sediment transport . The hydrologic factors include 
the quantity and distribution of precipitation, the 
geology of the catchment area, the relief and vegetation 
of the catchment and the lithology of the bed material . 
Bogardi suggests that the contrast between these two 
groups of factors results in a difference between the 
transporting capacity and the actual sediment load of 
rivers, the latter being ' etermined by the availabili t y 
of material for transport . The development of a 
general relationship from purely hydraulic considerations 
to use as a basis for the calculation of bed load or 
total load transport is thus almost impossible, as 
characteristics peculiar to the stream and its catch-
ment are so important . 
The nature of bed load transport 
This question has been summarised in recent 
publications by Colby (1963) and Leopold , Wolman and 
Miller ( 1964) . The physical basis for the distinction 
between bed load and suspended load transport is dis-
cussed by Bagnold (1956) who defines bed load as that 
part of the load whose n ormal immersed weight componen t 
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is in normal equilibrium with the dispersive stress 
between sheared grains. This s tress is transmitted 
downwards via the disp er s ed g rains to the stationary 
grains of the bed up on which it there fore ultimately 
rests . The suspended load is defined by Bagnold as 
tha t part of the load whose like wei ght component is 
in equilibrium with a normal f luid stress originating 
in i mpulses by turbulent eddies . Thi s stress is 
supposed transmitted not to bed g r a ins but between them 
as an e,. cess st a tic fluid pressure . These definitions 
illustrate the different kinds of forces which act on 
particles to keep them in motion as bed load or sus-
pended load . The i mportance of the stress tending to 
disperse g rains lying on the stre am bed is evident when 
any natura l stream case of pa rticles of diverse sizes is 
considered . Particles of sizes to be transported by the 
prevailing current may not ent e r into transport as the 
dispersive stress is not suffi cient to dislodge l a rger 
superp osed g rains. If the size distribution of the 
bed illa terial is particular ly l a rge, sand grains lying 
between large boulders may be in a reas where the move-
ment of water is slight, even though wa ter is moving 
at high velocities above the level of the boulders . 
Obviously, the size distribution of bed material and 
resultant roughness of the channel bed are major factors 
in bed load transport, and the characteristics of the 
movement of wa terial along the bed will be very 
different in a bed of relatively uniform sized sand and 
in a bed of hete r ogeneous coarse and fine material of all 
sizes. 
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Movement of sand - size and finer materials 
Practically all the expe rimental studies of 
bed load transport , and virtually all empirical formulae 
fo r the calcula tion of bed or total load from hydraulic 
characteristics a re based on studies of th e movement of 
sand- sized or finer particles . Such studies were 
stimul ated in pa rt by the need to understand the 
stability of irri5ation channels i n the Indian sub-
continent, and many of the fundament a l observations were 
first made in tha t a rea . The ajor contribution of 
this work has been the regime theory of the behaviour of 
r ivers and canals (Blench, 1958) . Recently Simons and 
Richardson (1963) discussed the forms of bed r oughness 
associated with upper and lower flow regimes . In the 
lower flow regime, be e: load moves by individual grains 
causing the advancement of the ripple or dune forms on 
the bed . In the upp e r flow regime, bed load moves by 
the advancement of individual grains independent of bed 
forms . Whereas the movement of ma terial in the lower 
flow regime is limited quantitatively in that no matter 
how fast the individual pa rticle may tra vel it must 
spend some time in storage on the bed, in upper flow 
regime the movement of bed load is continuous or nearly 
continuous . Simons and Albertson (1963) give a 
quantit a tive assessment of the relative transporting 
power a s socia ted with the different forms of bed roughness . 
The concentrations of total silt- sand load associated 
with various forms of bed roughness for sand beds of 
well - graded materials having a median diameter of 
approximately O. 2 mm are roughly : 
Flow Regime and Form of Bed 
Roughness 
Lower flow regime 
Ripples 
Dunes 
Transition of dunes to rapid 
flow 
Plane bed with movement of 
bed material 
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Sediment Load 
(parts per million) 
0 - 90 
90 - 1,000 
1 , 000 - 3, 000 
2,000 - 5,000 
Upper flow regime 
Standing dunes ) 
Antidunes ) in excess of 4,000 
Movement of ill assorted and coarse materials 
The lack of a body of information on the 
transport of the coarse materials of river beds prevents 
the formulation of a general theory of transport of 
coarse bed material. 1-lany observations have been made 
on river gravels and their transport. Of these, the 
comparison between the Rhine and the Durance by van 
Andel (1951a, 1951b) is particularly informative . In 
the Rhine between Strasbourg anQ Wageningen the trans -
ported sediments consist mainly of reworked old valley 
deposits. Transport consists probably of local erosion 
and redeposition after only a short distance, and is 
considered an extremely slow process . Transport of 
material by the Durance is essentially a continuous mass 
effect, only interrupted during relatively short periods 
of low water . At each flood all sediments are thorough-
ly mixed and rapidly transported in a poorly sorted 
mass . The differences between the two rivers are the 
products of catchment characteristics or "hydrologic 
factors " in Bbgardi ' s sense. Various approaches to the 
nature of bed load movement in channels with beds of 
coarse, ill-sorted material differ according to the 
criteria used by individual investigators . One approach 
relies on the lithologic and mo rphometri c characteristics 
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of bed material, while another relies more on catchment 
and channel physiography and bed material fabric, 
although most studies use all the available criteria, 
differing only in the emphasis placed on any particular 
phenomenon. 
Tricart (1959a) is one of the most ardent 
advocates of the study of the petrographic composition 
of the bed material and its morphome tric characteristics. 
He argues that as quantitative measurement of the move-
ment of coarse channel sediments has not yet proved 
practical, the relative rate of movement can be 
examined by comparing the percentages of pebbles of 
different lithologies found in the bed material in one 
locality in the stream channel, with the percentage 
area of the stream catchment made up of rocks of the 
different lithologies ana with the distances of the 
outcrops from the sampling point. Such morphometric 
and petrographic techniques were used to study the 
mechanisms of transport of debris by the catastrophic 
flood in the Guil Valley in June 1957 (Tricart, 1959b) . 
Under catastrophic conditions enormous quantities of 
debris were moved in great masses following the collapse 
of temporary dams caused by the blocking of bridges 
by tree trunks and other debris . Tricart (1961a) also 
advocates the use of aerial photographs and detailed 
geomorphic maps to study changes in channel formations , 
and the nature of river beds. 
Tricart (1961a) emphasises that while the 
catastrophic transport of enormous amounts of coarse 
debris (charriage en vrac concentre1 profoundly changes 
the nature of river channels, it is of relatively 
small significance in the long term transport of 
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material , being limited· in time and in distance of 
movement . In terms of tons of load transported per 
kilometre the amount of movement is quite small . 
Parde (1954a, 1958) on the other hand, argues that in 
mountainous streams movement of pebbles may account for 
as much as 200 m3/ km2/yr of removal material from the 
catchment, and that bed load tran sport would equal, or 
exceed by several times, the transpor t in suspension . 
He quotes examples of floods in mountain torrents in 
Japan and California in which enormous volumes of 
boulder size debris are transported. Such conditions 
undoub tedly prevail in steep mountain streams in arid 
areas where streamflow is re s tricted to occasional flood 
flows which act as surges of water uisturbing everything 
in the channel . The writer's own observations on the 
bed material of the \·/ad i Giargiarummach in Northern 
Cyrenaica showed that ephemeral flows had moved 
limestone boulders of up to 2 metres in diameter . Yet 
the significance of this ~ovement of coarse material on 
the overall rate of denudation remains uncertain . 
The relationship between lithology of the catch-
ment area and the petrographic nature and size of material 
in two contrasting areas of North America is examined by 
Hack (1957) and Miller (1958). Hack notes that in 
streams in Virginia and Maryland bed ma terial consists 
in part of detritus which has been transported from 
upstream and is still in transit, and in part of 
material which is a sort of lag concentrate which 
collects near its source . The latter would probably 
only be moved in rare floods of grea t violence. 
Miller's evidence suggests th~t in the high mountain 
streams of the Sangre de Cristo Range , New Mexico , bed 
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material rarely moves even during bankfull flows . Much 
of the debris in the stream channels is very coa rse, 
probably the product of Pleistocene glaciation and frost 
action . Miller therefore concludes tha t additional 
experimental work is required to decide to what extent 
the stream bed material is a reflection of past climatic 
conditions . 
Nawara ' s (1964) detailed study of the 
lithology and morphometry of the gravels of the 
Dunajec and its tributaries in the Tatra Mount a ins, 
Poland, demons trates that there is a considerable 
var iation in the size and amount of bed material frag-
ments transported by the various streams . The 
tributaries with the steepest gradients and fastest 
flowing streams transport most debris , and the wean 
roundness and mean sphericity of pebbles increase 
down st ream . Nawara concludes that every stream has 
its own transporting characteristics, which depend on 
the river gradient, velocity of streamflow , structure 
of the river bedy and the size, quantity and lithology 
of the bed material . 
In their examination of the effect of 
particle shape on the movement of coarse sediment Lane 
and Ca rlson (1954) note that fl a t particles tend to 
become imbricated . Elon~ated cobbles are usually 
arranged with their longest dimension at right angles 
to the directi on of flows , and when the cobbles roll , 
they tend to move with their long axes normal to the 
transporting force . The cobbles making up the bed of 
the New Mexico irriga tion channels studied by Lane and 
Carlson usually rest on sand which fits closely around 
t he lower portion of the cobble . The presence of this 
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sand means that a force produced for a short-time by a 
small scale turbulence in the streamflow may not be 
able to lift the pebble into transport, whereas a 
large scale turbulence acting for a long time may be 
able to shift the pebble. Such an arrangement of bed 
material exists in many of the rivers examined in this 
study, both in catchments in NE Qu eensland draining 
metamorphic rocks which tend to yield flat particles, 
and in many New South Wales rivers. The beds of the 
streams have in f act a form of paving and, as 
Kajetanowicz (1958) emphasises, significant bed load 
transport does not occur until this paving is disrupted. 
Such a disruption occurs only when the water penetra tes 
through the sand beneath the pebbles with enough force, 
or sufficient dispersive stress, to lift the pebble up 
against the turbulence of the water above and the other 
stresses which are tending to retain the pebble in its 
imbricated position. Once the disruption of the paving 
is begun however there may be widespread movement of 
material. The precise hydraulic and hydrologic 
conditions under which such movement would occur are 
almost impossible to predetermine, and only field 
observation through a series of flood flows could 
ascertain when such a change took place. 
This brief survey of the movement of coarse 
and ill sorted bed material indicates tha t movements 
of l a rge volumes of material take place under 
favourable circumstances. However, the frequency and 
magnitude of the events which cause sudden movements of 
large quantities of bed material are not known. There 
is doubt as to the relative importance in the long term 
of these mass translocations of bed load, and it appears 
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that every river has tb be studied on its own merits , 
with all the hydraulic and hydro logic factors being 
t aken into account . There is no comm on theory of the 
movement of coarse 6ebris from which empirical formulae 
may be deduced to calculate reliably the total load of 
streams with beds of coarse material . 
Measu rement of bed load (i) sand size and finer materials 
Direct measurement of the transported bed load 
can be made by the use of a trap which collects all the 
transport ed material . As Leopold (1956) suggested, 
reservoir sedimentation is the best measure of the rate 
of transportation of solid matter over a long period . 
The construction of a trap for use for short term measure-
ments on a stream with any appreci2ble discharge is 
diffi cult, as such l a rge ' volumes are involved. Some 
sampling devices which split the s tream flow into units 
of uniform size, and sub- sample fro one of these units 
have b een used in the United St a tes . Such inst a llz tions 
are fairly costly and are difficult to install as uniform 
flow for some distance above the streaw flow splitter 
has to be ensured . 
Direct measu rement of bed load transport may 
also be made using bed load sawplers . Hjulstr~m (1935) 
discusses v~rious types of these and points out their 
major defect of causing eddies which caused additional 
material to enter into transport . Hjulstr~m used a 
basket trap of brass wire netting which lay fL: t on 
the stream bed and caused a minimum disturbance of 
streamflow . Linsley, Kohler and Paulhus (1949 , p. 341) 
describe a pressure difference sampler in which an 
expansion section is designed to balance the flow 
resi s t ance of the u1echanistn and to ensure a steady fl ow 
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of water through the filtering bag 1hich collects the 
sediment. The sand trap used by Arnborg (1953 ) is not 
suitable for co r- rse mr- terials . No bed load sampl e r 
has yet been wide ly used in hydrol ogic investigations 
in t he U. S . A. and for those studies which do not rely 
on sediment traps, calcul at i on ri ethods a re used . 
For most engineerinG inves tigations in the 
United St at es today, the bed load of s treams with bed 
material of sand size or smaller is calculated using 
one of the empirical formulae base~ on the observed 
characteristics of be u load transpo rt . Colby (1961) 
has v ro~uced a siwplified wethod for the comput tion 
of total sediment ~ischarge us ing the modified 
Einstein pro cedure, which emp loys various nomographs 
for ev e luating the various hydraulic p2,_raweters used 
in the calculation . This techni que was used to 
calculate the total sediment load of t hose few streams 
involved in this study which had beds of s and sized 
material. 
The comput a tion p rocedure uses the channel 
dimensions and velocities ,ueasured during stream 
gauging . The nomographs devised by Colby (1961) are 
not suit able for bed ma te rial with a median diameter 
greater than 1. 5 mm . Hubbell and i-iatejka ( 1959) 
tested the motlified Einstein p rocedure against 
measurements of total load u1ade with a turbulence flume 
designed to throw a ll the solid debris in transport 
into suspension . They found tha t the loaG. s calculated 
by the Einst in procedure averaged 112 per cent of the 
measured load and that the standa rd deviation of the 
percentages calculateu was 22 pe r cent. 
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Measurement of bed load (ii) gravels and coarse materials 
The terms of this study precluded the con-
struction of sediment trap s to coll ect bed material, and 
therefore the measurement or estim2t ion of bed load 
trans~ort had to rely on indirect techniques . The use 
of r adioactive tra cers would perha1)s ha ve been a 
suitable technique for st udying the rate of movewent of 
selected partic l es of given shaJes , li thology and sizes . 
However, the expenditure of time on the investigation 
and trial of this technique wa s not considered justified . 
Reli ance was placed on the observation of the nature 
of the bed at each visit to astream , and the measurement 
of pa rticle size and shape of t he bed material a t each 
sampling station . 
100 particles for morphometric analysis were 
selected according to the technique described by Wolman 
( 1954), in which a grid of points is wade using the 
intersections of lines equal dist ance s apart across and 
along the channel . The error of sampling by this 
p r ocedure is usually less than 10 per cent . This 
sample of the bed material gave an assessment of 
material avail r ble for transport . The fabric of the 
bed was examined , to see whethe r fine particles were 
wedged between larger particles, whether they had been 
scoured away on the upstreaill si de of bould e rs and 
deposited on the d own st ream side or vice versa . 
Finer material was sawpled by hand for sieve analysis . 
All these obs e rv2 tions gave indic 2tions of the 
nature of the wat erial and its ~eposition after 
transportation . The characteristics of the stream 
were known from wading for stream- g uging at various 
dis cha rges , and thus de ta on st reau1 fl ow vel oci ti es 
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close to the bed were avail2ble . Bed load as a 
proportion of t ot ctl load could then be estimated from 
the stream ch 2racteristics . As a guide , the 
principles of estimating bed load set out by L&~e and 
Borland (1950 , 1951) were used . These use sus~ended 
sediment concentration, bed ma terial , and type of 
material in suspension to give an approximate percentage 
of bed load in the total load . It is unsatisfactory 
to have to rely on estimates of bed load, and some 
means of checking whether the estimates are valid would 
be highly desirable . 
Other field measu reme nts : ......2H 2 tempera tu re, conclucti vi ty 
The pH value of a water r ep resents the overall 
balance of a series of equilibria existing in solution 
(Hem , 1959) . The pH of river water is usually considered 
a reflection of the environment from which that water is 
derived, and thus it is possible th a t different 
morphoclimatic systems, or ecosystems may be associated 
with waters of a particular range of pH values . The 
pH of each wa ter sample was therefore determined in the 
field on water taken directly from the river . A 
colorimetric me thod, accurate to 0. 1 of a pH unit, 
using the Lovibond ·fassleriser \las ei!lployed. The 
ease and rapidity of this 1.11ethod made it preferable to 
the use of a calibrated potentiometer, The chief 
cause of variati on of pH due to sampling was the time 
of sawpling . \'/hen tl e Darron Hiver at Picnic 
Crossing (sta 7) in NE Queensland was sampled at 0700 
hours or thereabouts, and the discharge was less than 
3 m3/sec, the pH was usually 6. 9 , but it rose steadily 
as water temperature increased dun. ng the day to about 
7 . 2 at 1400 hrs and 7 . 5 at 1730 hrs . As the rivers 
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were not always sampled at the same time of day , some 
variation in pH must be Cue to this diurnal fluctuation 
in temperature . 
The S}ecific electrical con uctance was 
measured by a port able 1TW LF 54 conductivity meter . 
The conductivity of a solution is related to the 
material in solution~ depending on the nuu1ber and kind 
of ions present, their relative charge and their 
properties of nobility within the solution . In many 
rivers the conuuctance/dissolved solids relationship 
may be sufficiently simple to permit the use of 
specific conductence values as a guide to the total 
dissolved solids concentration . Howeve r, specific 
conductance deviates from a true straight line relation-
ship to d issolved solids content , according to 
vari a tions in the proportions of individual ions making 
up the total solute concentrat ion (Douglas, 1964) . 
Nevertheless specific conductance may serve as a useful 
check of total dissolved solids content, and if a 
straight line rel at ionship can be established for a 
particular river, specific conductance me asurements 
may be substituted for the laborious laboratory deter-
mination of total dissolved solids . 
The temp erature of the river w~ter was 
measured with a simple thermometer . n oceanographic 
maximum and minimum thermometer might have been more 
suitable for use in deep rivers whe re some contrast 
between surface and bottom tewperatures is possible . 
Temperature measurements are important for many 
reasons . The specific conductance varies with 
te perature, increasing approxim2.tely 2 per cent for each 
increase in temperatu re of 1°c . ·/ate r temperature 
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affects the viscosity of the fluid and thus changes the 
f all velocity of transported particles and the turbulence . 
Tempera ture thus affects se~iment transport particularly 
that of fine and 1i.1eC::.ium sizes of sand (Guy, 1964) . 
Temperature also controls rates of operation of chemical 
processes; for exarn1.> le, ca rbon dioxide is more readily 
dissolved in water at low tewpe r a tures than at high 
temperatures . Under conditions of uniform availability 
of CO2 , & water at o
0 c is likely to contain tiice as 
0 
much carbonic acid as one at 20 C. 
Collection of rainfall samples 
The importance of a knowledge of the solutes 
brought into a catchment by preci i_)itation was mentioned 
in Chapter One . In the field samples of rainfall were 
collected in two ways . Firstly) a polythene sheet 2 
metres square was laid out to catch the rain, which was 
then poured into a polythene b ottle . Secondly, 20 cm 
diameter plastic funnels mounted in plastic bottles were 
exposed in v a rious localities to collect rainfall in 
the same u1 anner a s a stand c rd rain gaue,e . In both 
cases the danger of pollution of the rainfall sample 
by debris being blown into the receptacles from the 
surrounding vegetation was high . It was par ticul a rly 
difficult to keep the plastic sheet clean . Very 
often it had to be washed by the falling rain before a 
sample could be collected . Nonetheless a number of 
rainfall sai...1ples were collected and analysed . Sorae 
of these had to be rejected as they were obviously 
highly contaminat d with foreign debris . The 
r ematnder were used to determine the chemistry of 
rainfall , their values falling vithin the limits of 
the results obtained in o ther studies of the chemistry 
of Aus trali an rainfal l . 
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SURVEY OF CATCHi1ENT CHARACTERISTICS 
Survey of erosion phenomena and tributary behaviour 
A thorough search of published material and 
ot her records relating to the geology, soils, vegetation, 
climatology and hydrology of the catchments under 
examination was u1acle , but in many cases, this failed to 
yield adequ a te data . Field investigation was required 
to supp lement the published information , a p rime object 
being to examine the catchment for places where erosion 
was severe , and where much sediment was being supplied 
to surface run- off . This involved an examination of 
the various ~recesses operating on the slopes of the 
catchmen t , including frost action) sheet and gully 
erosion , effects of the natural collapse of trees on 
soil stability, and the nature of soil formin6 processes . 
While a full assessment of the rel at ive importance of 
these erosion p rocesses was not possible, an understand i ng 
of their rol e in supplying sediment to stream channels 
was obt ai ned . 
In larger catchments, with diverse forms of 
land cover and lithology, the tributaries of the wajo r 
riv ers were sampled to determine conductivity , 
temperature and silica content . This gave an 
indication of the relative importance of differen t 
sections of the catchment for the total solute load of 
the major river . Under flood conditions, additional 
samples of suspended sedi ment were t aken from 
exceptionally turbid tributar ies . vaters from sp r ings 
and seepages were collected in various pl aces to obtain 
an indication of the dissolved matter in groundwater . 
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Check of accuracy of air photo and map coverake 
Air photographs of varyin6 a ge were avail able 
for all catchments, and topographic u1 aps at 1 : 63,360 or 
1 : 50,000 (ACT and environs) of differing reliability 
existed for almost all c ~tchments . Some of the photos 
were t en yea rs old, and most of the maps at 1 : 63,360 were 
wartime editions over 20 years old . The infor~a tion they 
provided had to be checked in the field . Clearance of 
additional land has occurred both in NE Queensland and 
around the ACT affecting the hy<lrologic behaviour of 
catchments . As maps we re to be used for morphometric 
analysis, their accuracy of indication of stream channel 
networks ha d to be checked in the field . In the 
Robertson area of New South Hales, the map s showed 
second order streams as he ad water tributaries . In 
Queensland, where runoff is ephemeral in most drier 
catchments, the lowest order indic a ted on maps was third 
or second ora er . More difficulty was experienced in the 
rain forest areas as defined stream channels are 
difficult to see because of the abundant vegetation. 
As runoff in rain forest is mainly diffuse or sub- surface 
flow, the density of stream channels ~ay be lower than 
might be expected . It was assumed th&t the lowest orde r 
stream shown on the map was a seconu order stream . 
Morphometric analysis 
Th e wisd om of using ma ps at the avail able 
scales for morphowe tric an a lysis is questionable , as the 
det a il of these maps is limited by their relatively 
small sc ale, and their accuracy by hurried compil a tion 
under wa r conditions, pa rticul a rly in NE Queensland . 
However inuices of catchment size, shape and relief 
were required, and u.10ri) ho11 e tric analysis from these 
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maps provided the only feasible answer . The critical 
assumption tha t the maps all suffered the same degree 
of inaccuracy was made, and , since there were wide 
differences in relief and size between catc.hnents, it 
was thought that the result s of the analysis could be 
used for comp2.rative purposes . The properties 
measured - from the maps and the quantities derived from 
them are those used by Melton (1957) . Thei r 
definitions a re set ou t in Appendix 1 . 
Geologic data 
Geologic information was generally good and 
reliable . i~iaps at 1:250,000 were avail able for all 
areas . These map s did not show u1any local vari c: tions 
in lithology, and the usual difficulty tha t geomor-
phologists face when using geologic survey maps arose, 
in that rock forhla tions are ~apped by age, and whole 
sedimentary sequences of va ried lithology and chemical 
nature a re mapped as units . If a geomorphologist 
needs detailed li thologic infor.,12tion he has to make his 
own maps, or at least revise the geologic map . In 
areas of deep soils or abund2nt superficial deposits , 
this is a ~ifficult task , and was not attempted 
durin0 this study. Howeve r, all avail ab le 
information on lithology and geochewistry of rocks 
in each catchment was used, particularly the analyses 
of igneous rocks published by Joplin (1963) . 
Soil chemistry and distribution 
In contrast to the general availability of 
geologic information, de t 2i ls of the distribution and 
chemistry of soils we re scanty , particul a rly for the 
Queensland catchments. Maps of the soils of south-
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eastern New South Vales are Given by Costin (1954) and 
in the Atlas of /ustralian Soils (Northcote, 1965), but 
these are too generalised and 2t scales too small for 
use on the catchment level . A few analyses of soils 
were available , but in general the information was very 
inadequa t e . Some field examination of soils we re made, 
but time did not Je rmit the chemical analysis of the 
different soil types . This and the lack of geochemical 
data on rocks hin6ered the development of a general 
description of the mobil ity of elements within each 
catchment. 
Veget ation patterns 
The great hydrologic significance of vegetation 
made a knowledge of the distribution of various types 
of plant cover essential . Some maps of vegetation 
distribution in SE New South Wales are available but 
no equi val en t maps of north C_ueensland are known to 
exist . In the latter area a broad outline map of the 
distribution of rain fore st, sclerophyll fore st , mangrove 
swamp and agricultural lnn d use was compiled from air 
photographs . Air phot o interpretation did not 
provide infor1ation on all vegetation characteristics 
of hydrologic significance . Catenary variations down 
slopes, associated with soil vari Qtions, are 
particularly important in catchment hydr~logy and 
sediwentation, and could only be examined in a few 
localities in the field . Seasonal variations in 
ground cover due to agriculture or forestry were 
also noted . 
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Climatic d·1ta 
Reli a nce was pl2ced on the standard rainfall 
observing stations, with a few non- official observers ' 
reco rds being added to those obt a ined from the Bureau 
of ie t eorol ogy, the Department of \ orks , Canberra, and 
the ivi etropolitan later, Sewerage and .u r ai nage Board , 
Sydney . Study of the water balance was hampered by the 
lack of temp era ture observations . The ma jor 
difficulty in north ~ueensland was the lack of 
measurements of rainfall on the wountain ranges, which 
nay have been as much as twice t ha t of p l aces with 
rain gauge s at the foot of the ranges . All available 
records of r ainfall intensity were used, even though 
few pluviographs were sited within any of the cat chments . 
Th e rainfall over a catchment was calculated using a 
Thiessen polygon tec hnique (Linsley, Kohler and 
Paulhus, 1949 , p . 78) . Rainfall v a riability was 
calculated by the us ual method of standard deviation 
divided by the mean and by th e method used by Maurer 
( 1928) and applied to Australia by Loewe ( 1948) . 
LABORATORY PROCEDURES 
The labora tory work fell into three 
categories, chemical anal ysis, determination of 
suspended sediment 1 and the g r a nulomet ri c and 
petrog raphic analysis of bed m2 terial and detrital 
deposits . The de t ailed me thods of ana lysis are 
set out in Appendix 1, the general princi les being 
discussed in this section . 
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Chemical analysis 
This work was based on techniques described 
by Rainwater and Thatcher (1960) , and carried out 
initially in the geochemistry laboratory of the 
Department of Geophysics of the ANU , with the help and 
advice of Mr. J . A. •'aston, formerly analyst in that 
department . The major problem in water analysis is 
that it is effectively ' microchemi s try with macro-
volumes ' (Rainwater and Thatcher, 1960, p . 43), because 
all determinations require the quantitative determination 
of either milligraL.1 or microgram quantities or 
frac tions thereof . Most of the sa ples for analysis 
were from rivers draining igneous or metamorphic rocks, 
and had dissolved solids concentrations of less than 
100 p)m . Great care was required in the determination 
of small quantities of individual elements in solution 
in the river waters . The first probleill was the 
removal of all suspend ed matter from the sample . 
Although both a centrifuge and flocculation of the 
suspended ma tter were used experimentally to separate 
the solid material in the water samples, filtrat ion was 
found to be the only effective way of removing the 
solid particles . Clay particles remained in suspension 
after the use of the high- speed centrifuge , an d the 
addition of a flocculating agent introduced new 
difficultie s into the chemic al analysis . 
Filtration . Filtration is not without difficulties, 
as ordinary No . 1 Hhatman Filter Papers allow many clay 
sized particles to pass . Trials were made with various 
grades of Gelman and Jvl illipore Versapor Filters , which 
are made to specified pore sizes . Th e finest of these 
filters trapped clay sized p2.rticles, but, in the absence 
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of a high pressure fi-ltration apparatus, the rate of 
filtration was too slow , and the filters became clogged . 
The U. S . Geological Survey defines suspended solids as 
11 Thcse that can be separated from the sample by 
filtration 11 (Ra inwater an cl Thatcher, 1960 , p.273) , and 
the practice of the Survey is to remove all particles 
which will not pass through a filter of 0.5 micron pore 
size . This, howeve r, does not trap particles a s fine 
as those retained by the \/hatman No . 542 filter paper 
which was eventually selected as the standard filter 
for this study. The 542 paper removes nearly all 
the solid watter . Some SffiTiples containing much fine 
colloidal matt er remained cloudy after filtration once, 
and were therefore filtered at least twice . 
Total Dissolved olids . The total d issolved solids 
cont ent of wa ter which had been filtered through a 
542 paper was determined by the resi due on evaporation 
method . 
Hardness . Total hardnes s and calcium h2.rdness were 
detennined by titration, using BDH vate r Hardness 
Reagents, according to the ) rocedure ' escribed by 
Schwarzenbach (1957) . Occasional field determinations 
were 1,1ade using t ablets cont aining reagents and buffers, 
the two procedures , Durognost and Palintest, having 
been described elsewhere (Dougl as , 196 3) . 
Silica . Silica was determined colorimetrically using 
the Lovibond 1 ess l erise r (Tintometer , n . d . Part 3) . 
c., f ~ 1-'ke 
This procedure ~ be used in the field or,_ laboratory 
south daylight (northern hemisphere north daylight) 
I 
~ available . 
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Chloride . Chloride ·was deten..1ined by titration using 
the p rocedure clescribe cl by Rainwate r and Thatcher 
(1 960, p . 216) . In the field chloride was determined 
using pa lintest tablets, but this 1i1 ethod was only 
accurat e to the · earest 5 ppm . 
Nitrate . Nitrate was determined colorimetrically 
using a spectrophotometer accorcling to the procedu re 
described by Rainwater and Tha tcher (1960, p . 216), 
and usin~ the Lovibond Nessleriser (Tintomet er n . d . 
Part 3) . 
Sulphate. Su 1 p hat e was de term in ed by u e as u rem en t of 
turbidity using a spectroJh otometer, employing a 
solution prep are according to the Llethod given in the 
British Ph8 rmacopeia (p . 870) . Palintest tablets were 
also used to determine sulph[te but concentrati ons 
were usually far too low to be detected by this method . 
Fluoride . As fluoride concentrations, determined by 
the me tho C.: of 1Jey ling and 1-Jey ling ( 1963) ·which is 
accurat e to 0 . 1 ppm , were found to be less than 1 ppm 
in all samples , this determinction was not made in 
the l a ter stBges of the work. 
Iron, Calcium , i·lagnesius , Sodium, and Potassium. 
Determinati ons of these elements were made by Dr . J . 
David of the 1 ivision of Plant Inuustry, CSIR0 , 
Canberra, using a tomic absorption spectroscopy . 
The concentrations of iron found in the first batch 
of samples to be analysed were so small that iron 
was not determined subsequently . 
• 
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Determination of suspended sediment concentration 
The sati1ple of water collected u sing the U. S . 
DH- 48 suspended sediment sampler was prep 2red for 
analysis by ensuring that no sediment had settled out 
in the bottle while awaiting analysis . About half 
the sample was :i_)assed through one fi 1 te r pap er, and 
half through another. The weights of the drled residue 
of solid matter collected on the papers were rela ted to 
the voluhles of water from which they were derived to 
give the suspended seuiment concentration. The two 
analyses of the sawe sample were made to provide a check 
for gross e rror. 
Granulometric analysis 
Considerable dive rsity exists in the practice 
of sedimentologic analysis among civil engineers, 
pedologists, geologists and geomo:rj_)hologists concerned 
with problems of the distribution of 6 r 2in sizes in 
deposits of na tural hl 2ter:i_als . The principle source 
k)c!~ 
of the techniques used in this study~ Cailleux and 
Tricart (1959) and the l abora tory methods of the 
Laboratoire de Geographic Physique de l'Universite de 
"' . Strasbourg . These p ractices rtt::nr e beOi'i modified to suit 4-
,:; , .., ' ,..,__ ..J ,'f; [.._ 
the apparatus available in Canberra, and il%- tl9.e light of 
more recent techniques, some of which are used in the 
Department of Geology at the ANU . 
The granulometric analyses used i.n this work 
were designed to determine the particle- size distribution 
of th at fraction of bed load of less than 2 cm diameter . 
Very few bed load s amples contained a significant 
proportion, by weight , of silt or clay size raaterials , 
so thc t sieve analysis was a suitable technique for 
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for particle size analysis . Such an analysis was 
essential for the calculation of total load by the 
modified Einstein procedure for streams with sandy beds . 
STATISTICAL ANALYSIS Arf.u COMPUTATION PROCEDURES 
Calculation of the rate of denudation 
The rates of chemical denudation and removal 
of suspended sediment, using the total dissolved solids 
concentration and the suspended sediment concentration, 
were dete rrnined separately 7 fallowing the procedure 
described in Chapter One . As the measurements were 
made using standard British uni ts ( concentration of 
material in ppm, discharge in cusecs, and drainage area 
in square miles) the results ha to be multiplied by a 
factor of 0.3448 to obtain the r a tes in terms of m3/km2/ 
yr . These rates were calcul~ted individually for each 
sample . Bed load was calculated using the modified 
Einstein procedure or estimated according to the 
principles of Lane and Borland (1950, 1951) as outlined 
above in the section on sampling techniques . 
The denudation rating curve 
Although there is not a strict straight- line 
relationship between water discharge and suspended 
sediment load , the sediment- rating curve has been widely 
used as a means esti1,1ating the sediment load of rivers 
which are only sampled periodically . Campbell and 
Bauder (1940) found st r aight - line relationships between 
silt discharge and water discha rge, and suggested the 
use of the sediment rating curve for extending records 
of sediment load to unsampled periods for which discharge 
information was avail cble . Hembree , Kreiger and 
Jordan (1964) used suspended sediment discharges 
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plotted against streamflow to estimate sediment discharges 
for a 13 year per iod of no r ecords . Johnson (1953) 
pointed out the limitation of this extrapolation from 
sedime nt discharge/water discharge rel at ionships when 
the relationship has only been established from 
observ a tions over a short pe riod . La r ge errors could 
occur if the sedi men t discharge obse rvat ions were made 
in a dry year . However~ Johnson concluded tha t a fe w 
ye a rs of sediment sampling during normal or near normal 
years was adequa te to define the long term sediment 
yield of a stream, ,..noviding no maj or change in 
ca tchment conditions disturbed the wa ter- sediment 
relationship . 
In de t ail the rel - tionship be twe en suspended 
sediment discharge and wa ter d i s cha rge v a ri es from one 
river to an other . Hjulstrgm ( 1935) reports th a t on 
the River Fyris in wed en the maxi mum suspended sedi ment 
discha rge occurs du ring the rising st 2ge of a flood , 
before the Llaximum water d isch a r ge . Hembree, Kreiger 
and Jordan (1964) found the opposite on tri butar ies of 
the Grand River in North and South Dako ta, USA, where 
maximum sus pend ed sediment discharges occurr ed afte r 
the maximum wat e r disch a rge . Guy (1964) points ou t 
that " The sedi ment load for small drain2ge areas is 
gene r ally, and for l a rge st r ess is often , much greater 
for a given water discharGe during the rising leg of a 
storm hydro6 raph than f or th e fallins leg ' . However, 
11Under concli tions of rel a tively hit:,h base flow and 
sediment originating a t a consi de r able distance 
ups tream, it has repe a te dly been found th2t the s ed i ment 
movement lags behind the fl ood wa ve so tha t peak sedime nt 
concentra tion 1iay occur &d t er t he flood crest ". 
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Jovanovic artd Vulkcevic (1958) are aware of 
these variat ions in the relationship b e tween suspended 
sediment load and water discharge on any river, but 
nevertheless use the characteristic sediment rating 
curves for a number of rivers as a means of comparing 
the behaviour of different catchments . They are 
concerned with soil erosion and suggest that the 
regression coefficients of soil erosion against runoff 
provide a reliable indic a tion of thee tent and 
seriousness of catchment erosion. This conce _;_) t 
of the secliment yi eld/water discharge relationship as 
a curve of potential erodibility of a ca tchment has 
been adopted in this study . Two regressions of the 
observed rates of solute denudation and suspended 
sediment denudation against dis cha rge were calculated 
for each river . The sign ificance of th e reg r essions 
was tested by analysis of variance , and most regressions 
were found to be highly signi ficant . 
Calculation of the annual den udation r a te , and 
magnitude- frequency analysis 
The relationship between L~en ud.ation and 
discha rge was used to determine the r ate of denudation 
associated with daily mean di scharges of va rious 
magnitudes . The r a te of denudat ion , expressed as usual 
in m3/km2/year, appropriate to a given discho.rge was 
multiplied by the number of days on which that discharge 
occurred and divided by the number of deys in the ye a r 
to give the total volume of mat e rial removed in the 
year by floHs of that u1agni tude . Values for the 
different classes of di scha r ge were slllilmecl to give the 
total annual yields of dissolved and suspende matter . 
These totals were summed and to them was aclcled the 
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estim8.ted percentage ·of the load carried as bed load, and 
from it was deducted the estim2 ted amount of solutes 
brought into the catchment by precipitation . The 
solutes derived from precipitation were calcula ted from 
the mean concentration of dissolved solids found in the 
rainfall samples collected near each catchment and the 
annual rainfall over the ca tchmen t . 
Magnitude- frequency analysis was carri ed out 
on those catchments with adequate hydrologic data. 
Using the denudation rating curve the amount of the total 
annual load ca rried by flows of certain magnitudes was 
plotted on p rob ability paper. This plot gave a 
str8.i ght line . Similarly the percentage of t ime at 
which the flow in t hat year was less than a certain 
discharge was plottec. on the same g raph . From the 
graph it was possible to est2blish two histograms to 
show the frequency of occu rrence of flows of given 
magnitudes and the percentage of the total annual 
load ca rried by flows of different l.iagnitudes . Such 
paramet e rs as the frequency of the flo w of a magnitud e 
at which 50 pe r cent of the load is c arried by bigger 
flows were also derived f r om this analysis . These 
parame ters were helpful in in terp retinb differences 
in ca tchment behaviour . 
Comparison bet ween ca tchments 
Comparisons between catchments were made at 
two levels . Firstly the de nudation rating curves we re 
comp ared to see if there was any difference in the 
pot ential erodibility of any pair of c a tc hments . 
The absence of any difference implied that the 
significant f ac tors a ffectinL, the r el a tive r 2.tes of 
erosion in catchments were those hydrologic factors 
·-
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which affect stream flow including amount of 
precipitation and the proportion and nature of the 
runoff of precipitation to rivers. significant 
.. 
difference between denudation rating curves meant that 
,." vn 
<m=e. catchment -> hac1 ~ characteristics which caused a 
greater amount of sediment to enter into fluviatile 
7h ,v 
transport . ~ rocks might be more soluble or 
soils less protected from the energy of falling 
r aindrops . The regressions of the denudati on r ating 
curves were compared by analysis of variance . The 
level of significance of the variance ratio was found 
i ,, 
vi using t 2bles"/Fishe r and Yates , 1953/ -
The second stage in the comparison of sediment 
yiel ds from different catchments was to compare the total 
annual sediment yields . Only the years during which 
obse rvations were made were used in this comparison, 
as it was thought unwise to extrapolate further from 
the few observations which had been made on each 
river . Comparisons were made initially between 
individual catchments, and then between g roups of 
catchment on the basis of such properties as location, 
geol ogy, area, relief , rainfall , temperature and l and 
cove r or use . In such cases analysis of variance 
was used to determine whethe r differences were 
greater within or between groups of catchments. In 
t his way the r elative importance of the c atchmen t 
characteristics emerged . 
At all times some caution was exercised in 
applying many of the statistical techniques , as it was 
fully realised that the quality of the data limited the 
validity of the statistical results . Poor sampling 
and inaccuracy in the laboratory deterwinations were 
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dangers which had to be gua rded ag,,inst throughout 
this work . Atove all , the results were only as 
good as the number of observations on which they were 
based . 
CHAP·TER THREE 
GENERAL PHYSICAL GEOGRAPHY OF EASTERN 
AUSTRALIA 
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The two areas in which catchments were studied 
are situated approximately 2 , 000 kms apart in the Eastern 
Highlands of Australia . As suggested in Chapter One 
the chief advantage of comparing two areas of eastern 
Australia is that the area has a u.easure of physiographic 
uniformity . This general geologic and vegetal 
uniformity was first postulated by E. C. Andrews (1910) . 
His synthesis of the geologic knowledge at that time 
suggested that a peneplain was developed during the 
Eocene and iviiocene time when the flora was uniformly 
tropical to subtropical . The great uplift which closed 
the Tertiary isolated the coast from the interior . A 
complete modification of f 2unas and floras resulted 
from isolation and climatic changes induced by this 
topographic revolution . This "Kosciusko" uplift 
produced similar topographic features from the north to 
the south of eastern Australia . The subsequent 
rejuvenation phases were thought to be similar through-
out the area. 
These tectonic events produced the character-
istic eastern Australian pattern of steep escarpments or 
high ranges close to the coast, with rain forest vege-
tation on the seaward flank and sclerophyll eucalypt 
vegetation inland . The pre- Kosciusko uplift vegetation 
was uniform throughout the area . 
Although not always present in recent 
geomorphic writing, the concept of widespread Tertiary 
and pre- Tertiary planation in eastern Australia has 
persisted in ~eologic literature since 1910 . Three 
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major land surfaces a re generally recognised, the 
"Gondwana" surface of Jurassic to Cretaceous age , 
the early Cainozoic II ustralian II surface and a late 
Cainozoic surface, which may in fact comprise two 
surfaces the earlier of which was destroyed by the 
second denudational phase in many places (King , 1962) . 
As many as three late Cainozoic land surfaces are 
recognised by some authors who refer to p)i:cene , 
Pliocene and Pleistocene phases of denudation . 
Research since 1910 has shown that there is 
consider2.ble variety in eastern Austrelia , and has also 
questioned the nature of tectonic events during the 
Tertiary and Quaternary and their synchroneity in 
various part ~ of the area . The general pattern of 
climatic change and associated geologi c events in 
the Quaternary and Tertia ry are so inadequately 
understood tha t the e- treme caution advocated by 
Jennings (1965a) is the only tenable approach to 
Australian paleogeography . 
THE GEOLOGIC EVOLUTION OF EASTERN 
AUSTRALIA 
The geologic evolution of eastern Australia 
is associated with the evolution of the Tasman 
geosyncline which developed during the early Palaeozoic 
on the margin of the P reca1· brian shield of ccn t ral 
Australia. The ge osyncline existed during the 
greater part of Palaeozoic times, and in places 
10 , 000 m of sediments were deposited . i-/i thin the 
genera l a rea of th e Tasman geosyncline , geologic 
evolution was far from uniform . Voisey (1959) 
emphasises tha t during the sequence of orogenic events, 
of U) lift and downwarping, erosion and sedimentation, 
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block faulting and igneous activity , the major 
depositional area gradually migrated eastward , and 
different types of geosyncline evolved locally . In 
NE Queensland however the advance of the geosyncline 
was to the north and later to the SW (White, 1961) . 
Local differences in relief and sedimentary environments 
indicate great structural diversity and lithologic 
complexity in eastern Australia when the geosynclinal 
cycle was more or less completed in the upper 
Palaeozoic . 
Many of the major fault structures of eastern 
Australia first developed during the uplift in the 
Silurian, as a result of the deformation of the under-
lying Precambrian Shield . The major tectonic features 
of the Canberra area are thought to result from the 
II 
Bowning Orogeny during the Silurian (Opik, 1958, 
Oldershaw, 1964) . Further tectonic activity with 
granitic intrusions and volcanic extrusions occurred in 
the late Carboniferous and Permian . Sowe of these old 
u., 
major fault struct are still prominent features in 
the landscape. It is doubtful whether all the relief 
features associated with them we re oblitera ted by the 
denudation which produced the Cretaceous "Gondwana" 
surface of King ( 1962) or the "pre- Mid Mesozoic " surface 
of Twidale (1956, 1964a) . 
Sedimentary basins and planation surfaces 
That the simple picture of universal 
planations in the tastern Highlands needs qualification 
is suggested by a considerati on of such areas of 
Mesozoic- Cainozoic sedimentation as the Ipswich and 
Cumberland Basins . The Ipswich Basin contains 
Mesozoic non-ma rine seC:imen ts deposited between blocks 
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which had become prominent by the late Permian . These 
sediments are everywhere unconformably related to 
surrounding blocks (Hill, 1961) . In places they may 
have been C:C e j_)Osi ted against 12.te Perr:iian fault line 
scarps thus demonstrating th ~t some relief re~ained 
at the time of se~imentation. The Cumberland Basin 
contains a succession of sediments, from Permian to 
Triassic age, with Permian Gerringong Volcanics 
interrupting the sedimentary sequence . The few 
Tertiary sediments consist of local agglomerates, 
conglomerates and lacust rine deposits . 
These Mesozoic sediments may be related to 
the development of the Gondwana surface by Cretaceous 
times . However it seems that these basins remained 
distinct from their surrounding blocks at least until 
the Tertiary . In neither case is there evidence of 
the invasion of the Mesozoic or Gondwana surface by 
the 18te Cretaceous sediments, as occurs on the eastern 
edge of the Carpentaria Basin (Amos and de Keyser, 1964) . 
The Ipswich Basin seems to have rem2ined distinct from 
the adjacent blocks through most of post - 1esozoic time, 
despite the citation by David (1950) of duricrust at 
low altitudes in both Ipswich and Cumberland Basins as 
evidence of the almost complete iv1iocene planation of 
the Eastern Highlands of Australia. 
The concept of major planation ~eriods 
simultaneously over the whole of the Eastern Highlands 
area does not appear to be justified by the ava ilable 
evidence . The importance of old fault structures da ting 
back to the early Palaeozoic which have been rejuvenated 
at intervals; the existence of various sedimentary 
basins between positive tectonic elements for very long 
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periods during the tectonic evolution of the Eastern 
Highlands; the lack of universal proof of laterisation; 
the possibility of duricrust forming either at the same 
time at different altitudes or at different times in 
the Tertiary; all su~gest thtt widespread planation, 
and particularly the warping and faulting of a late 
Miocene surface, are not necessarily features common 
to all of eastern Australia. 
Tertiary Tectonic Activity 
The concept of a single phase of tectonic 
activity, the "Kosciusko" uplift, at the end of the 
Tertiary in eastern Australia has been questioned by 
r e cent evidence from t he Snowy Mountains (Gill an d Sharp , 
1956) to NE Queensland (de Keyser, 1963a) which shows 
tha t the uplift of the modern mountain areas took 
place in various st 2ges throughout the Tertiary . 
Some of the major tectonic fe a tures of eastern Australia 
developed during the Palaeozoic, we re re - activated 
during the Tertiary, and may be active at present (de 
Keyser, 1963b, Lamb ert and :/hite , 1965) . The topo-
graphic expression of this tectonic activity is not 
always as obvious as at the Cullarin fault-scarp by 
Lake George and the ancient Hurrumbidgee and Norongo 
faults near Canberra . In several places the structural 
features are obscured by Te rtiary basalts varying from 
Oligocene to ~l eistocene age . The actual chronology 
of the geol ogic events of the Tertiary is still 
inadequa tely established and e vents once thought to be 
of uniformly short duration throughout the Eastern 
Highlands probably be gan e a rly in the Tertiary and 
a ffe c ted different parts o f the area at various times 
in slower, more grauual p hase s of tectonic landscape 
evolution . 
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Tertiary and Quaternary Climatic Changes 
The contrasting amounts of local uplift, 
granite intrusion and volcanic extrusion have resulted 
in some areas being little modified since the Palaeozoic 
while nearby zones have been greatly affected by the 
events of the Tertiary and Quaternary . The Canberra 
area for example is said to have scarcely changed 
since the Permian glaciation (Noakes, 1954 , Cotton, 
II 
1 9 5 7 , Op i k , 1 9 58 ) . Nevertheless the late Tertiary-
Quaternary period was th roughout the Eastern Highlands 
marked by perioQs of climatic fluctuation which 
produced an oscillation between periods of more 
effective run- off and erosion and periods of landscape 
stability during which soil development occurred . 
The study of the soils developed during these phases in 
SE New South Wales and the correlative dep osits in 
the Riverine Plains of SE Australia h~s caused debate 
as to the chronology and nature of these climatic 
changes (Butler, 1958, 1959, 1963, Dury, 1963 , 
Langford- Smith, 1959a, 1959b, 1960, Fels, 1964a, 1964b ) . 
Galloway ' s suggestion (1965) thc).t the glaci a tion of the 
Snowy Mountains occurred during a drier period than at 
present challenges a whole gamut of theories of 
landscape evolution based on the belief that glaciation 
was associa ted with a pluvial phase . 
Two schools of thought exist on the nature 
of climatic oscillations on the polar and equatorial 
sides of the mid - l a titude deserts . If climatic 
changes took the form of a latitudinal shift of 
morphoclimatic envi ronments or the compression of 
altitudinal clima tic zonation, an e r os ional phase i n 
t he north would coincide with a stable phase in the 
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south . If however the pluvi al periods saw the 
contraction of the deserts and an expansion of the 
humid equatorial an<l temperate zones, erosional phases 
in both north and south Aust r alia would coincide . 
The evidence of these oscillations is found in both 
north and south, but infonnation on their timing is 
so meagre that there is no means of telling which school 
of thought is correct , let alone the mechanism of the 
climatic change . 
In all parts of the Eastern Highlands, 
Quaternary deposits cover valley floors , and exter..d 
ove r low divides, such as the Barron- Mitchell - valsh 
plains of NE Queensland . These deposits irclude 
both the products of periodic phenomena recognised 
by Butler (1959) van Dijk (1959) and deeply weathered 
soil materials some of which contain ferruginous 
cone reti ons . It is still not certain whether some 
of the earliest of the periodic deposits and the 
deep soils are pre- Quaternary in origin . However, 
these l a rge areas of superficial deposits are an 
indication of the relatively slow modification of the 
major topographic features of the landscape , and are 
thus in keeping with a concept of the evolution of 
eastern Australia which sees the present landscape 
as a series of fragments of various &ges from the 
P alaeozoic to Holocene which have been preserved or 
come into being as a result of the tectonic and 
morphoclimati c evolution of the various parts of the 
Tasman geosyncline . Far from accepting the 
traditional view of the Tertiary unity of eastern 
Australia this concept takes the geomorphic evolution 
back to the early Palae ozoic and traces the obliteration 
or persistence of Vc. rious features which c"lat e from tha t 
time . 
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THE CLIMATE OF EASTERN AUSTRALIA 
The clima te of eastern Aust r alia results from 
the position of the continent between the inter- tropical 
convergence zone in the north an~ the westerly wind belt 
i n the south, and the seasonal movement of these 
lat i tudinal belts (Fig 2) . The a rea between these 
belts is one of high pressure, the weather of much of 
Australia being controlled by the pos ition of these 
high pressure systems which cross the continent at 
about latitude 30°S in winter a nd 40°s in summer (Brunt, 
1961) . Outflowing air on the northern side of these 
high pressure systems forms the SE trade winds, the 
dominant winds over the east coast north of latitude 
25°S in winter and south of 19°S in summer . Above 
t hese high p ressure systems and extending into the 
Pacific over the trades is a westerly current which 
appears to be capable of leading an existence independen t 
of events further poleward fo r protracted periods 
( Riehl , 1954, p . 269). This westerly current can be 
seen a s a dominent factor in the Australian climate 
as the seasonal shift of high and low pressure system s 
depends on the movement of the jet stream associated 
with this westerly current . Often the jet stream 
makes an abrupt polewa rd shift 2.t the ons et of summer 
but the timing of this shift may be delayed by the 
development of anticyclonic eddies , or a complete 
high over the Australian continent at about the 200 mb 
level (Radok and Grant, 1957) . Such conditions 
favour the continuance of high level westerlies in 
low l ctitudes 5 which prevent low level westerlies 
penetrating f a r into the north of Australia . 
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The low lev~l westerlies which bring summer 
rainfall to the far north of Australia have been termed 
the north west monsoon, but as Gentilli (1957) suggests 
such a terminology is not justified . The most 
probable explanation of these tropical westerlies is 
that they are part of the general easterly wave 
perturbations occurring on either or both flanks of the 
intertropical convergence zone (Hart, 1965). These 
vortices form in the central parts of the Pacific and 
move toward the west. The passage of a large number 
of them north and south of the equator in both wet and 
dry seasons results in a mean west wind in the western 
Pacific area (Palmer, quoted by Riehl, 1954, p.240) . 
This concept agrees with Troup's (1961) observation 
that the northwesterlies are associated with an 
increase in easterly winds in the upper troposphere in 
low latitudes . 
The degree of penetration of these equatorial 
wave motions into Australia varies from year to year and 
is one cause of the great variability of rainfall in 
northern Australia . When the equatorial wind system 
fails to enter Australia, the south easterlies remain 
the dominant wind on the east coast north of latitude 
19° well into summer, as occurred in December and 
January 1964-1965, when the weather was more typical 
of the winter situation . 
Tropical cyclones are another feature of the 
summer weather of northern Australia . The main areas 
of cyclogenesis are in the tropical oceans to the NB 
and N\·/ of Australia . Although the cyclones affecting 
eastern Australia move generally towards the SW or SE, 
they follow no common paths, as may be judged from the 
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cyclone tracks plotted on figure 3. Cyclones usually 
bring large volumes of rain and are the chief cause of 
floods in northern Australia . 
The summer is the wet season in northern 
Australia , with rain de r ived from the three types of 
weather outlined above in different proportions 
according to location . Thus while Darwin and the 
north west of the Cape York Peninsula receive a majo r 
part of their r ain from the equatorial westerlies, the 
cyclones bring most of the rainfall of the southern 
part of the Gulf of Ca.rpentaria, and the south 
easterlies bring much of the rain of the east coast of 
Queensland . 
The winter rains which p rovide the southern 
half of Australia with most of its water are associa.ted 
with frontal syst e s , troughs and depressions which 
move with the we s terly air current of the southern 
hemisphere (Kraus, 1954) . In eastern Australia the 
distribution of these winter rains is strongly affected 
by the relief of the Eastern Highlands . The rain 
bearing west winds of winter are comparatively stable 
and rain forms a t low altitudes . This results in 
very heavy winter precipitation on the western slopes 
and crest of the highlands . The eastern slopes of 
II 
the Snowy Mountains suffer from a very pronounced Fohn 
effect . The mean August rainfall at Cooma , for 
example , is only 25 mm which is about ten times less 
than that on the r ange 80 km to the west . 
The passage of frontal systems, troughs and 
depressions af f ects eastern Australia as far north as 
latitude 25°s in winter, al though in exceptional 
circumstances d ep ressions produce precipitation well 
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north of the Tropic of Capricorn, as occurred on 
19th July 1965 65 when snow fell on the Dalrymple Height s 
95 km west of Mackay in latitude 22°s (see synoptic 
cha rt , Fig 4 ) . 
The east coast of southern Australia has a 
summer rainfall maximum due to the easterly winds whi ch 
blow on shore on the northern sid e of anticyclones . 
Be tween the coastal area and the mountain ranges are 
stations such as Canberra which receive rainfall evenly 
distributed throughout the year . 
Quantity and reliability of rainfall 
Ve r y high rainfalls have been recorded in 
eastern Australia, where Tully (lat . 17°55 1 s . long. 
145°55.' E. ) had an annual total of 7850 mm in 1950 , and 
Crohamhurst (lat . 26 ° 49 ' S . long. 152°51 ' E. ) recorded 
900 mm in 24 hours on February 3, 1893 . The recurrence 
of events of similar magnitude is extremely irregular, 
and in some years rainfall is well below average over 
l a rge a rea s of Eastern Australia . In any year in 
which some a r eas suffer from drought, other areas of 
Australia way experience above average rainfall . 
These contrasts result primarily from the state of the 
upper tropospheric circulation and its effects on 
surface winds . The land mass exerts a certain 
r eciprocal influence on the upper air circulation and 
may enable anticyclonic conditions to strengthen and 
persist for long periods , thus producing the great 
contrasts between years of flood and years of drought 
in different places at different times over Australia . 
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Coupled with these continental scale effects 
on the rainfall ~istribution pattern, are the more 
immediate local effects produced by topography , 
alignment of the coastline, an6 the chance paths taken 
by tropical cyclones . Topography affects both the 
distribution of rainfall from prevailing wind systems , 
and the tracks of thunderstorms. Alt hough often of 
~
short duration, thunderstorms caus e the most iAeteill:ce 
rains in north Queensland . In New South Wales, the 
heaviest rains are likely to be produced not by a 
winter depression but by depressions which dGvelop in 
spring or autumn on the east coast and travel southwards 
along the coast of over the Southern Tablelands . One 
such stonn in Hay 1925, produced a rainfall of 455 mm 
in 24 hours over the Upper Shoalhaven area. 
In eastern Qu eensland, sections of the 
coastline having a more north- south orientation are 
much wett e r than those running NW- SE parallel to the 
prevailing winds; where high country is close to the 
coast, orographic rainfall is increased (Brunt, 1961) . 
Rain from s01 e tropica l cyclones may be Hidespread but 
other cyclones of small aiawe ter produce very localised 
rain . Thus in any one month some stations i n an area 
of about 200 km2 may receive rainfalls well above the 
average for tha t lil onth while others receive less than 
the ave rage . Such differences in local rainfall 
distribution make hydrologic analysis and forecasting 
difficult . Great vc riability from year to year and 
irregu larity of occurrence of preciJ itation events 
in eastern Australia wean that u1orphogenesis is 
especially irregula r and episodic in intensity, and 
may even be consi de recl as a sequence of very short 
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periods of active erosion followed by long periods of 
gradual desiccation a nd rel a tive stabil ity . 
The wa ter balance 
The seasonal concentration of rainfa ll over 
most of eastern Australia means that few areas , even 
those with a mean annual precipita tion in excess of 
2,000 mm, save in the high and cold hi ghlands of the 
SE, lack a period of the ye a r whe n po t ential evapotrans-
piration exceeds rainfall (see wa ter balance diagrams, 
Fi gs 5 and 6 ) . Overall excess of potential 
evapotranspira tion over p recipit ation occurs only in 
areas of low r ainfall, such as r ain shadow areas around 
Cooma and Canbe rra . Ch a racteristically the water 
balance in eastern Australia is wet season moisture 
surplus an d a dry season pe riod of soil moisture 
depletion. Th e extent of soil moisture depletion 
increases as mean annual rainfall decreases, and north 
of latitude 33°s there is a genera l trend for a rapid 
decrease of s easonal water s urplus away from the coast . 
Evaporation measurements in NE Queensland show that 
loss from evaporation is very much reduced by the 
frequent occurrence of days with cloud cover . This 
cloud cove r is i mportant i n winter in uplan d areas such 
as the Atherton Tableland, an d in the north in summer 
when development of towering cumulus cloud may occur 
almost daily . 
These v a riations in the wa ter balance a ffect 
the river regil..1es, which show a peal{ ti ean monthly 
disch~rge just before the beginning of the wet season . 
In p a rts of the Southern Highlands of New South \ales 
streamflow is affected by snow welt on the SnowY 
Mountains . However, the frequency of occurrence and 
79 
intensity of rainfali is such that most rivers show 
an almost torrential nature with rapid rise and fall 
following heavy rains . In steep mountain streams 
of the very wet coastal a rea of NE Queensland, the 
rise and fall associated with heavy rains occur in a 
matter of hours, whereas in bigger rivers draining 
larger catchments in other areas, the passage to flood 
peak and back to normal flow takes several days . 
However, the cont r ast b e tween flood and drought 
conditions so characteristic of the whole country is 
present even in the wettest parts of Australia . 
THE VEGETATION OF EASTERN AUSTRALIA 
The broad picture of vegetation in easte rn 
Australia is one of rain forests appearing as islands 
in a general sea of sclerophyll "open" forests . In 
general the rain forests occupy the wetter areas and 
thos e most favoured in terms of nutrients , although 
their distribution may be due in part to the sifting 
of floristic elements from a palaeotropic reservoir 
(Herbert, 1960). In detail however the rel ationship 
b etween sclerophyll and rain forest vegetation is a 
complex expression of rainfall, soil type, nutrient 
availability, slope, exposure and d rainage . 
_R§:ill_J ores t vegetation 
The characteristic features of rain forest 
vege t ation are the number am: diversity of species, 
the density of trees, shrubs, vines and herbaceous 
plants, ancl the C: earth or absence of dominants w:i. thin 
the forest . One diagnostic feature 'J f rain forest, 
which is sometimes used as a basis for subdivision 
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into various rain forest types, is the layered structure 
of the forest, in which trees of different ranges of 
height exist . Robbins (1966) has classified the 
Australian rain forests according to their structure 
as follows 
Tropical Rain Forest North of 20°s 
Lowland rain forest 3 l ayer below 1,000 
Lower montane rain forest 2 layer 1,000 to 2 , 000 
Montane rain forest 1 layer 2,000 to 4 , 000 
Subt ro12i cal Rain Forest 20°S to 35°S 
Lowland rain forest 3 layer below 600 m 
Lower montane rain forest 2 layer 600 to 1350 m 
Mon tane rain forest 1 layer 1350 to 1550 m 
Temperate Rain Forest South of 35°S 
Lowland rain forest 2 layer below 450 m 
Lowland montane rain forest 2 layer 450 to 1050 m 
Montane rain forest 1 layer 1050 to 1550 m 
Webb ' s 1959 physiognomic classification of Australian 
rain forests using such fe a tures as forest structure, 
leaf size and shape as a basis for subdivision agrees 
in its b asic grouping with that of Robbins . Webb ' s 
m 
m 
m 
classification is of hydrologic value for the effective-
ness of vegetation in protecting the soil from rain-
drop i mpact depends largely on leaf size, shape and 
density . No data on interception by different types 
of Austra lian rain forest vegetation are available , 
but the data presenteq by Kittredge (1948) for a 
variety of North American pine and deciduous forests 
suggest that the greater leaf area p er unit area of 
soil surface , the more effective the interception. 
The broad classifications of Australian rain 
forest do not illustrate the close relationship 
between clima te, edaphic f ac tors ana plant life to be 
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found in the isolated areas of rain forest along the 
Eastern Highlands. For example , Francis (1951) notes 
that ' some of the most luxuriant rain forests of 
tropical Queensland are located on tablelands and 
mountain ranges '· On the 1therton Tcbleland at 17°s 
and Eungella Range at 21°s which range in altitude from 
750 to 1 , 200 mare three layered r a in forests similar 
in structure to those of neighbouring tropical lowlands , 
whereas a two- layered lower montane rain forest would 
be expected in their altitudinal position . In fact 
the upland rain forests are a subtropical form in a 
special climatic environment (K~ppen Cwa type) similar 
to that of the lovtlands further south . 
Subtropical and temperate rain forest inter-
mingle in the highlands of eastern New South Hales . 
Baur (1957), R. J. Williams (1955), Plummer (1963), and 
J . B. Williams ( 196 3) describe the v2.riety of 
ecological sites from deep valleys in the escarpment of 
the New England Range, the deep gorges of the Blue 
Mountains and the steep slopes of the Illawarra escarp-
ment to the basalt p l a teaux of Dorrigo and Robertson . 
The contrasts in physiognomy and structure of rain 
forests in these different sites illustrate the close 
relationship between rain forest vegetation and soils, 
water, nutrients and topography . 
These close relationships suggest that detailed 
observa tion of rain forest types would provide a good 
picture of the distribution of pa rticular mobile 
elements in soils and plants, and would therefore form 
a base for ~ geochemical studies of the type described 1 
by Pe rel ' man ( 1961, 1962) . Such work would be a very 
valuable asset to a study of the movement of solutes 
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into stream channels . Unfortunately other factors 
which affect rain forest distribution provoke situations 
in which apparently simil2.r sites have a different 
vebetation, one area having rain forest and another 
sclerophyll . Tindale (1959) suggests that the 
aborigines burnt much of the rain forest in NE 
Queensland where there was one of the c..enses t aboriginal 
Australian populations . This early burning may 
account for some of the glades of sclerophyll forest 
in the midst of rain forest . Burning of forest areas 
has greatly increased since the European invasion of 
Australia and is thought by Florence (1963) to be 
responsible for changes in the distribution of species 
whose ecological range extends into both rain and 
sclerophyll forest environments . 
Scl e rophyll forest forms 
Except for those ~reas occupied by rain forest 
and the subalpine and alpine grasslands and herbfields 
of the Southern Highlands, Eucalyptus is the dominant 
genus in most parts of eastern Australia receiving 
over 900 mm mean annual rainfall . R. J . Williams (1955) 
describes the sclcrophyll forest as a closed community 
dominated by sclerophyllous trees of medium to tall 
height, characterised by flat - topped crowns which 
usually form an interlacing canopy, and boles , the 
length of which is equal to or greater than the depth 
of the crowns . 
Three major subdivisions of the sclerophyll 
forest are recognised : tropical layered forest , wet 
sclerophyll forest and dry sclerophyll forest . The 
trop ical layered forest, typical of most eucalypt 
forest adjoining rain forest in Queensland, is composed 
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of big trees with a shrub understorey . The lower 
layer of vegetation is often considerably reduced in 
scale by burning and grazing . Wet sclerophyll 
forest occupies many sites with a mean annual precipita-
tion over 900 mm in the mountain ranges of southern 
New South Hales and eastern Victoria . The location of 
dry sclerophyll forest in more arid areas is illustrated 
by the situation on the eastern slopes of the Southern 
Highlands Hhich suffer from a F8hn effect, where wet 
sclerophyll occurs above 1 ,000 m and dry sclerophyll 
forest on the lower slopes . The narrow ecologic range 
of each eucalypt species causes great variety within 
the three subdivisions of sclerophyll forest vegetation 
producing catenary arrangements of vegetation associations 
such as those described by J . B. ·/illiams ( 1963) in New 
England . 
The hydrologic si@1ificance of these 
veget2.tion forms lies in the alilount of ground cover 
beneath the main tree layer . Plummer (1963) argues 
that wet sclerophyll forest -,ith its denser {;,round cover 
stabilises the soil mo re effectively than adjacent rain 
forest, although the latter causes more interception 
of rainfall . The dest ruction of the shrub communities 
of wet sclerophyll forest increases the rate of surface 
runoff and soil erosion (Costin and co - workers, 1959) . 
Woodland forms 
-- ----
R. J . ·/illiams (1955) distinguishes woodland 
from forest by the lack of a continuous canopy, lower 
tree height and bole length not usually exceeding 
crown depth . Woodland associc:-,tions occur in drie r 
country than forests and in localities unfavour~ble to 
forest vesetation . Thus on deep sandy soils subject 
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to seasonal flooding· and seasonal soil moisture 
deficiency in NE Queensland rain forest Gives way 
to Tea- Tree Association (Perry, 1953) or Paperbark 
Low \voocl land (Perry and Lazarides , 1964) in which 
Melaleuca species are dominant . In the Southern 
Highlands , Subalpine voodland (Costin, 1954) occupies 
the highest tree covered areas too cold for wet 
sclerophyll forest . The hydrologic significance of 
the woodland forms in the drier areas of the Eastern 
Highlands depends on the nature of the ground cover 
beneath the trees . This varies with rainfall , 
topography and soil, the formations with a grass 
understorey being ten1ed savanna woodland and those 
with little understorey development, tall or low 
wootiland, depending on tree height . 
Broad similarities a11d local diversity in the 
vegeta tion of eas tern Australia 
Despite considerable variation in species 
making up individual structural forms, the same 
structural forms are found on sites with similar 
rainfall and soils throughout the Eastern Highlands . 
However the great diversity of soil types resulting 
from the variety of parent material means that there 
are wide variations in vegetation over short distances 
particularly along transects running inland from the 
coast . This diversity contrasts with the almost 
uniform vegetation of large areas of low relief in the 
interior of Australia . The ca tenary changes of 
vegetation with drainage, soil and aspect in the 
Eastern Highland a re most significant for hydrologic 
and catchment studies . 
a-IAPTER FOUR 
PHYSICAL GEOGRAPHY OF THE CAIRNS 
ATHERTON TABLELAND AREA 
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This area lying between latitudes 16° and 
18°s and 145° and 147°E contains mo re physiographic 
diversity than most other areas of mainland Australia . 
Mountains 1000 m high rise abruptly from the Coral Sea , 
separating the coast from the narrow flood plains of 
the rivers which drain the higher Bellenden Ke r - Bartle 
Frere ranges further inland . Beyond these steep , 
rugged rain forest covered ranges is the Atherton 
Tableland which has two distinct parts . The 
southern part is steep country where the slopes of old 
volcanoes have been deeply weathered into krasnozemic 
soils, in which deeply incised stream channels spread 
in a centripetal fashion towards the majo r rivers . 
The northern part is a level, gently inclined table-
land formed by the large tongue of basalt which spread 
down the valley of the ancient h itchell river . All 
the basalt soils, except those in N'1 where the mean 
annual rainfall is less than 1200 mm, were formerly 
covered with sub- tropical rain forest . 
West of the basalt tablelands, the transition 
to the dry country of the Australian interior is rapid . 
Crossing the main forested Herberton Range there is an 
almost abrupt entry into open woodland in the rugged 
hills and dry gullies of the Wild h iver catchment . 
Here, the rain falls so infrequently, and in such short 
intense storms, that the rivers are pr actically 
ephemeral streams , and vegeta tion growth is sparse 
sclerophyll woodland, in strong contrast to the 
rain forests only 20 kms to the east. 
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GEOLOGIC EVOLUTION OF THE CAIRNS-
ATHERTON TABLELAND AREA 
The main deposits in the Tasman Geosyncline 
in this area are those of the Hodgkinson Formation 
(Fig 7) , which incorporates thick, monotonous sequences 
of massive to thin- bedded arenites (greywacke, quartz 
greywacke, feldspathic sandstone) and lutites , partly 
deposited by turbidity currents . Intercalated are 
bedded cherts, basic volcanics, conglomerate, intra-
formational breccias, and rare limestone lenses. 
These deposits, at least 12,000 m thick, are of Middle 
to Late Devonian age, perhaps extending into the 
Early Carboniferous . They were folded during the 
Carboniferous orogeny, and the sediments now mapped 
as the Barnard River Me tamorphics (east of Tully) were 
subsequently highly metamorphosed, the Barron River 
Metamorphics further north resulting from low grade 
metamorphism of the same sediments ( de Keyser, 1965) . 
The sandstones, conglomerates and mudstones 
of t h ·Ringrose Formation, which occurs in the 'i/ild 
River catchment (Fig 8) in the west of the area, were 
deposited on the folded sediments of the Hodgkinson 
Formation (Best , 1962) . These were folded in a mild 
orogeny later in the C;arboniferous, and the Mareeba 
Granite was intruded in Lower Permian time (Amos and de 
Keyser, 1 964). This granite forms the bulk of the 
Bellenden Ie r and Bartle Frere massif, as well as 
neighbouring ranges, and the Malbon Thompson Range 
on the coast (de Keyser, 1963a). It consists of 
adamellite, granodiorite, and graDite in which the 
potash feldspar is very commonly microcline, and the 
mafic minerals are biotite and muscovite . 
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Occupying most of the Tully River catchment 
is the Tully Granite Complex, the composition of which 
ranges from quartz gabbro to acid micrographic granite, 
through quartz diorite, granodiorite and adarnellite, 
the latter two being most common. Of similar age to 
the Mareeba granite, it is di stinguished by the presence 
of hornblende, by the absolute l ac k of muscovite and by 
the diversity of its rocks. 
Volcanic activity occurred between phases of 
granite intrusion in the we s t of the area . The first 
phase of vulcancity in the late Carboniferous produced 
the Nangeta Volcanics NW of Mt Garnet, and similar acid 
volcanics in th e Silver Valley area of the 1 /ild River 
catchment . The Herbert River Grani t e in t he SW of the 
area intruded the youngest volcanics of this first phase . 
The more widespread second volcanic phase produced the 
Glen Gordon Volcanic s which form parts of the ranges to 
the south of the Atherton Ta bleland . These volcanic 
rocks wer e i nj ect ed along Precambrian faults which were 
rejuvenated during the Palaeozoic (Branch, 1963) . The 
Glen Gordon volcanics range in composition from andesite 
through dacite and quartz latite to rhyolite . Following 
the second phase of volcanic activity, further granite 
intrusions produced the Elizabeth Creek Granite which is 
prominent west of the Wild River . This granite consists 
~ 
of leucocratic pink granite or adame l lite, distinguished 
from other granite by an average silica content of 78% . 
Tectonic activity a ffected the area again in 
the Meso zoic with further movement of the fundamental 
Palmerville Fault to the west (de Keyser, 1963b) . 
Widespread denudation had occurred by Cretaceous time , but 
the Jurassic and Cretaceous sediments which transgressed 
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over the Palaeozoic rocks in the west probably did not 
extend as far east as longitude 145° . 
During the Middle Tertiary some uplift and 
warping occurred; increased erosion caused relief 
inversion in areas of acid volcanics . This tectonic 
activity continued throughout the Late Tertiary when 
the outpouring of olivine basalts began. 
Tertiary basalts 
Most of the Atherton Basalt is confined to a 
NN f trending va lley about 80 km long by 32 km wide 
which Best (1960) considers to have been formerly 
drained by the Walsh River to the west and the Johnstone 
River to the east . The Mitchell River may also have 
drained the valley to the NW. Following the Upper 
Miocene or Pliocene outbreak of volcanic activity, 
the major valley became partly filled with basalt flows, 
which later spread down the valleys of the outlet 
streams. The division of the drainage of the Johnstone 
River producing the two lateral s treams to the north 
and south of the basalt flow is one example of the 
drainage changes which resulted . Along the western 
side of the valley, the flows spread over the divide 
and down the valleys of adjoining streams, such as 
these of the 1rild and hlls tream catchments . These 
early basalts are overlain by pyroclastic material 
produced in the explosive final stages of volcanic 
activity . At least seven of the volcanoes in the 
Atherton Province have erupted explosively, in 
addition to several scoria cones . 
The location of the older volcanic vents 
appears to have been controlled by strong faulting . 
Differential movement of up to 1000 m of blocks 
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bounded by N~W and NE trending faults has occurred, but 
this may have been partly the result of Palaeozoic 
movement . The Cainozoic volcanic activity is evidence 
of the re- activation of these faults , a profound move-
ment tapping uncontaminated basic magma at great depth, 
as shown by the absence of an acid phase, the prevalence 
of olivine bombs, and the large throws of the faults . 
Further evidence of this Tertiary faulting comes from 
the Wild and Millstream , west and SW of Ravenshoe, where 
outliers of basalt occur on the flanks of valleys 
between 60 and 100 m above flows of basalt on valley 
floors (Best, 1960) . 
Recent Sediments 
Recent sediments in the Cairns-Atherton 
Tableland area, some of which may date back to the 
Pleistocene, consist of alluvial deposits, beach sand 
ridges and lagoonal deposits on the coastal plains , 
and a single outcrop of travertinous limestone deposited 
in a lake dammed by basalt in the Little Mulgrave Valley . 
The alluvial deposits occur where mountain streams 
debouch on to the coastal plain. South of Gordonvale 
de Keyser (1963a) recognises three terraces at about 
23 , 10 and 6.5 m above river level (plate 2) . Similar 
terraces are found in the Freshwater Creek valley (plate 
3) , and along the coast at places between Cairns and 
Mossman, where streams descend abruptly until a short 
distance before the sea . 
Among the alluvial deposits in inland areas 
are the sands and gravels of the Ma reeba- Mount . Carbine 
plain, astride the Barron- Mitchell divide, which are up 
to 23 m thick between Mount Molloy and Mount Carbine 
(Amos and de Keyser , 1964) . These recent sediments 
,, 
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may be partly the products of pediplanation which is 
still operative in the NW of the area , where the mean 
annual rainfall of less than 900 mm falls mainly in 
the four wet season months of December to March . The 
divide between the Barron and the Walsh , formerly 
between the upper Mitchell and the Walsh , may have 
been reduced j n this way, leaving the prominent hills 
of Mount Aunt and Mount Uncle. In the last few decades 
the whole area has become affected by agricultural 
activity , grazing or forestry, and in many places gully 
erosion (plate 4) has replaced sheet wash, causing 
sedimentation in river channels and valley bottoms . 
THE GEOMORPHIC HISTORY OF THE CAIRNS -
ATHERTON TABLELAND AREA 
Early physiographic work in NE Queensland was 
concerned wi t h two problems, the evolution of the drainage 
pattern and w.r:te:~~~;troE~~~~~~~eett:i!-~~-e1IJ H, ~ yiil~ 
differential erosion or~ aulting . No attention was paid 
~ (1: v .:> l,, r;.)IA. • ,.,. kl ~ t7·~tk, 
to the evidence of physiographic evolution provided by 
soils or correlative deposits . 
Faulting 
Most of the earlier physiographers assumed that 
the plateaux and ranges of north- east Queensland are 
uplifted fault blocks, and that the coastal plans and 
continental shelf are the downfaulted zones (E . C. Andrews , 
It 
1910, Danes, 1911, Sussmilch , 1938, David, 1950, 
Twidale, 1 956) . W. M. Davis (1917) explained the relief 
of the area as the product of warping or flexuring, 
suggesting that successive axes of flexure gradually 
shifted westwards . King (1950 , 1962) sought to explain 
the escarpments bounding the plateau areas as "the usual 
retreating scarps of younger erosion cycles cutting with 
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relative indifference across various rock series". 
According to Marks (1924) and Bryan (1928, 1930) the 
trend of elongation of coast&l features , ridges and 
corridors finds a sufficient explanation in the grain 
of the folded ? alaeozoic terrain . The Mulgrave- Russell 
corridor is a valley formed by subsequent rivers . The 
recent geologic summaries (de Keyser, 1963a, 1964 , 
Amos and de Keyser, 1964, Best, 1962 , White, 1961) all 
suggest vertical movement in the Cairns- Innisfail - Tully 
area . De Keyser (1963a) concludes that a Tertiary 
surface of denudation was broken up by block faulting 
at the end of theTer tiary into alternating zones of 
uplift and subsidence . The movements took place in 
several phases, spanning a long period of time . The 
principal block of uplift was the Atherton Tableland, 
the main block of subsidence, the continental shelf . 
Narrower horsts and grabens were formed between these 
two units, though not everywhere in a regular pattern . 
Aggradation occurred in the sunken segments, and 
dissection and erosion in the uplifted parts . 
Evidence confirming this faulting may lie 
in alluvial deposits which choke the valleys of the 
Mulgrave River an d .Babinda Creek where they leave the 
mountain ranges . The boulder gravels of Babinda 
Creek are particularly noteworthy as they consist 
largely of schist, gneiss and other material which 
would seem to have been derived from the Barron River 
Metamorphics . The catchment today is almost entirely 
on granite and Barron River Metamorphics lie beyond 
the head of the catchment in the upper Mulgrave area . 
The gravels may have been deposited by an overspill 
stream when the Mulgrave was dammed by a basalt flow . 
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More probably they were derived from a prior stream 
flowing off the Metamorphics and through the granite 
before the granite horst of Bartle Frere- Bellenden Ker 
was uplifted . To the north of the Atherton Tableland 
the basalt spreads out on the narron- Mitchell divide which 
carries an ancient podzolized soil with a thick iron pan 
about one metre below the surface. Recent gullies 
dissecting this soil show that it is over 10 m deep in 
places (plate 4) . Deep podzolic sand soils in the 
headwaters of Flaggy Creek on the Black Mountain- Kuranda 
Range may be similar to podzols developed on brown sands 
in the Amazon lowlands (Klinge, 1965) . On the summit 
of the Herberton Range , SW of Atherton, are deep red 
loams under rain forest, while the slopes of the range 
have very thin soils . Exposures in road cuttings near 
Lake Barrine show the Atherton basalt overlying the 
Barron River Metamorphics which are highly weathered but 
have no apparent soil profile (plate 5). Further east 
the road cuts through deeply weathered granite (plate 6) 
whose decomposition may pre- date or be contemporaneous 
with the weathering of the Atherton Basalt . 
This variety of deep soil profiles of differing 
nature poses several questions including the difficult 
one of the relative ages . It is not certain whether 
all these soils are developing at the present time . 
The podzolised iron- pan soil on the Barron-Mitchell 
divide appears to be out of phase with present day 
pedogenesis. It is similar to the ironstone soils 
developed on loosely consolidated sediments in the 
Croydon-Normanton area of the Carpentaria region 
(Simonett, 1957) . The Barron-Mitchell soils may have 
been formed prior to the basalt flows (Teakle, 1950) 
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and may thus be the Miocene ferrunginised (laterised?) 
soils characteris tic of the late Tertiary surface . 
However Sleeman (1964) finds little correlation between 
soils and the land surfaces on which they occur in the 
Leichardt-Gilbert area immediately SW of the Atherton 
Tableland . fuile it is possible to trace practically 
continuous red earths and grey l aterites on the 
Mesozoic rocks between the Atherton Tableland and the 
Gulf of Carpentaria (Simonett, 1957) these soils cannot 
be used as indicators of remnants of planation surfaces . 
Lack of evidence from soils and correlative 
deposits makes the existence of a late Tertiary surface 
in the highlands of the Cairns- Atherton Tableland area 
doubtful . Further doubts are cast by the evidence 
provided by the basalt flows which were channelled 
along valleys still evident in the coarse topography. 
Considerable relief existed in the Miocene and the 
basalt outpourings made only minor modifications to the 
broad features of the landscape. The major modification 
of late Tertiary - Quaternary times was the faulting 
which produced the Mulgrave-Russell corridor. The 
extent to which this faulting affected areas inland of 
the coastal and Bellendan Ker- Bartle Frere Ranges is 
uncertain . Soil remnants from va rious phase of more 
stable conditions exist in many places and the Barron-
Mitchell plains may have developed during the stable 
period before tec t onic and volcanic disturbances began 
in the late Tertiary . The Cairns- Atherton Tableland 
area is however too accidented and disturbed for a 
neat succession of erosion surfaces , even warped ones 
such as those in eastern Kenya described by Saggerson 
and Baker (1965), to survive . Hills' statement (1961) 
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that "Any suggestion that ' Gondwana ', ' Australian' or 
other land surfaces are preserved at average elevations 
over the continant, successively higher with increasing 
age , has no reality in Australia" undoubtedly applies to 
this area . 
The drainage pattern 
The modifications of the landscape in Late 
Tertiary and Qua ternary times have produced a very dis-
tinctive and unusual river pattern (Fig 8), which has 
attracted considerable comment. The probable capture 
of the head of the Mitchell by the Barron, which flows 
towards the Mitchell but turns suddenly eastward, reaching 
the sea by a steep gorge and waterfall, is discussed by 
Danes (1910, 1911, 1912), T. G. Taylor (1911) and Jardine 
(1925) . Some of the drainage modifications produced by 
r)/ volcanicf activity mentioned above are described by 
Jardine (1925) who shows that the development of streams 
on the flanks of the older volcanics of the Atherton 
Tableland has produced a series of very narrow ridges 
between deeply incised valleys. In the vicinity of the 
most recent volcanics, the scoria cones of Mt Quincan and 
the Seven Sisters on the NE edge of the Atherton basalt 
flow, the drainage is still imper-feet with swampy areas 
close to the low divide between the Barron and Johnstone . 
Jardine (1925) suggests that the Mulgrave once 
flowed into Trinity Bay, but the volcanic activity which 
produced Green Hill diverted the Mulgrave to the present 
mouth at Mu ~chero Inlet near Deeral . De Keyser (1963a) 
finding no r emnants of basalt in the old path of the 
Mulgrave west of Green Hill suggests that the drainage 
diversion was caused by slight updoming due to magmatic 
pressure before actual eruptions. A similar volcanic 
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eruption is put forward by Jardine (1 925) as the cause 
of the divide between the Russell and Johnstone Rivers . 
The divide near the Eubenangae swamp is largely composed 
of basalt and forms a low hill rising to about 30 m 
above the surrounding lowland. Hedley (1925) and 
Jardine (1925) both thought that the Russell once 
flowed into Trinity Inlet near Cairns and Jardine even 
claimed that the Nor th Johnstone flowed to the same 
mouth, but while borings SW of Green Hill have found the 
water worn gravels of the ancient bed of the Mulgrave , 
evidence of the former courses of the Russell and 
North Johnstone has not been found . 
The river terraces of the Mulgrave - Russell 
corridor are described by Jardine, who finds terraces 
along the North Johnstone similar to those of Mulgrave . 
The former terrace rises to approximately 18 m above 
river level (cf. 23 m terrace of de Keyser , 1963a) . 
The soils of the higher, older terraces are very 
leached, whereas the low flood plain terraces have some 
of the richest soils of NE Queensland being silty rather 
than clayey (Bates , 1934) . While the soils of the 
higher terraces along different rivers are classed 
together as gravel soils, those of the middle terrace 
differ according to the nature of the material brought 
down by the various rivers from their catchments . 
The highest terrace both in the Mulgrave area and 
around Freshwater Creek (plate 4) contains a very high 
proportion of coarse material over 4 cm long. It is 
unlikely that much fine material has been washed out 
of these terraces by weathering after deposition as 
most large particles have decomposed and crumble under 
slight pressure . It is therefore suggested that the 
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higher terraces were . formed when the catchments were 
steeper following the tectonic disturbances early in 
the Quaternary and when climatic and hydrologic 
conditions may have favoured the supply and transpo r t 
of coarse debris in these catchments . Close 
investigation of these terraces and of the results of 
borings which show signs of terrace deposits 10 m below 
the present land surface may well provide the key to 
the palaeoclimatology and geomorphic evolution of this 
area during the Quaternary . 
THE CLIMATE OF THE CAIRNS- ATHERTON 
TABLELAND AREA 
The significance of rainfall amount , reliability , 
seasonal incidence and intensity in Queensland is so 
great that a simple division of Queensland into climatic 
regions may be based on rainfall alone (Brunt, 1961) . 
Division of the area according to any of the schemes of 
climatic regions in the humid tropics is based on rainfall 
except where altitude lowers temperature (Appendix 2 and 
Table 1) . None of the stations in Table 1 falls within 
Garnier ' s Y1 class (1960) in which every month has a mean 
temperature over 20°c and a rainfall of over 75 mm with 
a mean annual rainfall over 1000 mm . However , all 
the stations in Table 1 , except Herberton, fall within 
Garnier ' s definition of the humid tropics (see Appendix 2) . 
The sparsity of climatologic stations recording 
temperature has precluded a closer delimitation of 
climatic regions . 
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Rainfall 
Rainfall data are much more widely availabl e , 
although still sadly lacking from the crucial high 
mountain areas . A few scattered rainfall observations 
made by a recent survey party on Bartle Frere suggest 
that the rainfall on the mountain may be twice that at 
Babinda . However insufficient is known about the 
distribution of rainfall around mountain peaks to make 
an accurate isohyetal map , and the isohyets shown on 
figure 9 for the mountain areas are only conservative 
estimates . Hovind (1965) suggests that the 
precipitation catch on the windward side of a mountain 
decreases to an apparent minimum near the crest while 
an excess deposit of precipitation occurs on the leeward 
side . If this applies to Bartle Frere , the 
observations made on the leeward side by the survey 
party may not be representative of the rainfall on 
the mountain as a whole. 
From the isohyetal map (Fig 9) the general 
influence of relief and the south- easterlies clearly 
emerges . Where the mountain ranges are highest and 
closest to the sea, the maximum rainfall occurs , at 
Babinda, Deeral and Tully . The gap between the ranges 
in the Johnstone area allows the moist air of the 
south- easterlies further inland, and thus a mean annual 
rainfall over 2,500 mm occurs at Millaa Millaa near 
the head of the Johnstone ca tchment. The decrease in 
rainfall north of the ~albon Thompson range is marked . 
However , the writer ' s examination of the mean annual 
runoff of the Mossman River suggests that the rainfall 
on the Mossman range has previously been underestimated , 
and that a mean annual rainfall of 3 ,000 mm in the rain 
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forest covered i'lOSsLian ranbt: is quite likely. Perhaps 
the most striking fer ture of the isohyetal map is the 
rapid decline of rainfall inland from the Barron LJelta. 
In 25 km this decreases from a ean annual fall of 
2,000 mm to 1, 000 mm because south- easterlies must 
cross the ob s tacles of Malbon- Thom1)son and Lamb 
Ranges before reaching the area west of Kuranda. 
These relief factors also ex}lain t he r 2in shadow area 
with mean annual rai nfalls of l ess than 2,000 mm around 
Gordonvale and Edm onton. 
Va riability of Rainfall . Studies of v~riability have 
been uade in Queensland by Raclok ( 1948) and Dick ( 1958) 
and for the who le of Australia by Loewe (1948) and 
Gibbs (1963 , 1964) . These works emphasise the wide 
range of va ri ability of Qu eensland rainfall, and 
point to the much greater variabi lity of rainfall in 
the Townsville a rea (500 km south of Innisfail) t han 
in the Tully-Cairns area . However , these authors 
published map s at scales too s wall to indicate the 
variability of rainfall within the Cairns- Athe rton 
Tableland area. 
The most common !ileans of expressing rainfall 
variability is t he coefficient of vari at ion which 
expresses the stan~ard deviation of the annual totals 
as a pe rcenta~e of the wean annual rai nfall . The 
application of this technique to eastern Austra lia 
re s u:i.. ts usually in the f eL. ture not iced by Mcl-lahon ( 1964) 
in the Hunt er Val ley where the ciecrease in precii)i tation 
westwards across t he vall ey is accompanied by an increase 
in vnriabili ty. This simil ar i 1c re asing variability with 
decreasin6 r ~infall is app a rent from fi Gure 10, which 
shows isopleths of va ri ability for t he Cairns- Atherton 
99 
area. Maurer ' s method (1928) for the calculation of 
rainfall variab i lity involves the substitution of a 
"Variability Index " for the actual rainfall amount and 
the calculation of t he mean and standard deviation of 
these indices . The variability index involves a 
logarithmic t r ansformation using empirical constants 
which reduces the maGnitude of the high rainfall totals 
compared with lower val ues . It is then a much more 
sensitive measure of the variability of annual rainfall 
totals in high rainfall areas in which a devi a tion of 
50% of the mean annual total may be just as severe in 
its effect as a deviation of 100% in a very dry area. 
The application of iiaurer ' s method to the 
Cairns- Atherton Tableland area is shown in figure 11 . 
From the isopleths the much greater va riability of 
rainfall north of Cairns than in t he Innisfail a rea 
wi 11 be noticed . This variability may in part be 
due to the 6 reater importance of cyclonic rains in 
the Port Douglas area, conpared with the dominant role 
of the south- easterlies in the Innisfail area . Greater 
variability of rainfall may explain the 1.1ore re s tricted 
distribution of rain forest north of Cairns . 
The probability of a given amount of rain 
falling each yea.r is another method of assessing 
variability anu this is assessed for three NE Queensland 
st a tions in figure 12 . The similar slopes of the 
three a reas show thc: t r 2.infal 1 is almost equally 
vari able at all three stations but that the difference 
between the 10% and 90% probability values is greatest 
in the station receiving the highest r ainfall. 
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Rainfall intensity. Figure 13 indicates the rain per 
rain day for the t\vO years 1963- 64, demonstrating the 
very high rainfalls of over 25 mm per rain day in the 
wettest areas of the coast . For extreoe rainfalls 
the number of f2.lls of over 250 mm in 24 hours for 
selected stations for the period of record included 
in the study of Queensland rai nfall (Aust . Bureau of 
Meteorology, 1940) was examined . Harvey Creek, north 
of Bc·binda, had a frequency of 1 . 16 falls in excess 
of 250 mm per 24 hour period per year , Babinda had a 
frequency of 0. 96, and Inni s fru.l one of 0 . 53 . On the 
other hand , the frequencies inland were 0 . 05 at 
Mareeba , 0 . 03 at Atherton and 0 . 02 at Herberton . At 
Cairns the frequency of such falls was O. 25 per year , 
and a t Port Douglas 0 . 26 . 
Rainfall intensity over shorter periods is 
of greater significance for some aspects of hydrology 
and sediment a tion . Pluviogr aph data is not very 
widesp read, but the c ta for the st a tions shown on 
figure 14 has been examineG f or the 1963- 1964 period . 
The most intense storms of 30- minute duration are not 
tropical cyclones, which produce instead the most 
intense 24- hou r rainfalls, but the thunderstorms which 
occur in s p r inG or early summer . One such storm 
in October 1964 produced a fall of 40 mm in 20 mins 
at Black ii ountain, 49 mm in 30 mins at Cairns and 41 
mm in 30 rains at Kai ri . The heaviest fall recorded 
during the cyclone ea rly in December 1964 was 25 mm 
in 30 minutes at Cairns . The distribution of 
pluviograph st a tions does not pe rruit a full study of 
the location of a reas of particularly intense rainf 11s , 
but it seems likel y th a t the he aviest falls a re 
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experienced in the ·nabinda- Innisfail - Tully area . 
Cyclones 
The importance of cyclones in the climate of 
the Cairns- Atherton Tableland is illustrated in Table 2 
and the average frequency of their occurrence in the 
summer months is shown on fi gure 15 . 
The damage produced by the cyclones may be of 
minor cat a strophic proportions, and the winds 
associ &ted with cyclones are p robably the most 
destructive agents affecting the stability of rain 
forest areas . \·/ebb (1958) has show-!l that there is 
a characteristic form of r a in forest (Cyclone Vine 
Scrub) which occurs in places p a rticul arly p rone to 
high winds . He sug;ests that cert e.in types of tree 
which normally ap~)ear as emergents in other areas never 
reach maturity . After reaching a certain heieh t, they 
collapse owing to p revious \·teakening by gales, weight 
of vines , or accelerated eros ion of the thin soils on 
steep slopes . The collapse of trees in the rain 
forest ac1.mits lis ht to t e lower levels , and often 
exposes the soil to intense rainfall . 
The extent of cyclone damage and the floods 
which result ca11 be judged fro 1.i1 the descriptive list 
of cyclone eff ects in k)pendix 3, which is based on 
various reports by the Burea'!l of ~J eteorology . The 
cyclones a re usu ally less violent inland than on the 
Coral Sea coast, but hcve g re a ter hydrologic significance 
as they produce a l 2rger propo r tion of the total 
precipitation . 
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Temperature 
Tempera ture variations p roduced by altitude 
become most marked in winter 1hen frosts occur on the 
Atherton Tcbleland . The average frost free period at 
Atherton is 316 days and at Herberton 340 days 
(Queensland Officers of the Agriculture Branch, 1956) . 
The ea rliest date on which the screen te perature at 
Herbert on falls bel ow o0 c is 27th I\ ay and the last 
frost occurs on 13th September, July and ugust being 
the months when frosts are most likely . These cooler 
winter conditions on the Tableland are associated with 
a frequent occurrence of mist an~ d rizzle which reduces 
radiation and thus evapotranspira tion. 
Evaporation 
Several evaporation pans are maintained in 
the Cairns- Atherton 'h·.bleland 2rea, but their records 
are diff~cult to relate to hydrologic condi t ions 
affecting catchment behaviour . It appears that on 
sunny summe r days evaJ oration in the coastal area (for 
example the South Johnstone pan) may exceed 8 mm , but 
the frequency of r a iny or clou dy days liwits the number 
of days on which such high rates occur to a few pe r 
month during the wet season. The most important 
months of high evaporation are those of October and 
November when the rivers are at their lowest levels , 
radi '"' ti on is hi c.,h ''..Il l the wet set:.son has not yet begun . 
Lack of rain &t this period can affect vegetation 
growth , and is likely to reduce the magnitude of 
stream flows fror.1 the first wet season storws . 
103 
THE SOI LS OF THi CAIRNS- ATHBRTON TABLEL ND 
AREA 
The diversity of Geo logy, topog rap hy and climate 
in this area has produced a wide r an~e of pedogenetic 
situations , and thus soils rep re s ent a tive of many of 
the ~reat soil groups are f ound . As the only soils 
in NE Queensland which ha ve been s tudied in .q_ny 
det ail are in the a r able a reas , the distribution of 
major soil groups in Fi~ure 16 is only an approximation . 
The most striking fea ture of the distribution 
of soil types is th e l nrge a rea of k r a snozems in the 
east, and the wi de extent of skeletal soils in the 
west . The iL1p ortance of krasnozems is due to the 
humid tropica l clima te which ~ according to Ste1)hens 
( 1962) f avours a r a te of wea thering fast enough to 
rel ease suffici ent hy~rated ferric oxide to maintain 
soil floccul a tion. The krasn ozeLl s a re mainly confined 
to the a reas of Pli ocene and Pleis toc ene basalt s , 
although soil s of a s imil a r typ e a re f ound under rain 
forest on g r anite in the high rainfall a reas . Hubble 
(1961) refers to red earths on granite unde r r ain 
forest in this area , but C. L. van Wijk (pers ona l 
comillunic a tion) classified these porous sandy soils as 
red and yellow podzolics and, whe re the cl ay content 
is high, a s l Lteritic red ea rth s (c . f . Stephens, 1962) . 
Teakle (1950) questions whether the thick 
layer of deeply weat he red ma t eri al on basalt is a soil 
profile, sugges t i ng tha t the s oil is a rel at ively 
thin layer on a p ro f ile of u eeply weathered rock . 
This distinction may be a rbitra ry as k r a snozemic soils 
are remarkabl e for their lack of p rofile differentiation . 
Th e chief feature of the ch emical comp osition of these 
soils is tha t the content of u1et a l ions (calcium , 
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magnesium, sodium and potassium) in the top 15 ems of 
the profile is 5 to 10 times tha t of the soil at 
greater depths. Teakle ' s analyses of krasnoze s, or, 
as he calls them, red loams , show tha t those on granites 
contain less calcium and wagnesium than those on basalt , 
a contrast which is also revealed in the chemistry of 
river wate r s draining these two rock and soil types . 
This is one indication that ,hile cliw2te is a broad 
overall factor in pedogenesis in this area , lithology is 
more important on the scale at which individual 
catchments are conside red . Such emphasi s is found in the 
works of Mohr and van Baren (1954) ancl Sleeman (1964) . 
On a more detailed scale, ~imonett (1960) 
has shown th a t Hi thin the krasnoze ic soils on basalt 
there are va riat ions which can be associated with 
precipi ta tj_on . 
of these soils all decrease as precipitation increases . 
The kaolinite concentration of the soils varies from 
~ 70 - 80% in the areas with the 1 owe st lnft3:-t't annual 
rainfalls (900 mm) to about 50% i n the wettest places 
( 3 , 500 mm) . Most of the hilly and mountainous country 
with a mean annual rcinfall of less than 1000 mm in the 
west of the area has s l:e letal soils . On the granite 
riuges the soils are usually sandy, with some grit at 
or near the surface . On the higher slopes they develop 
as red-brown clay loam at 20 to 4-0 cm depth, but lower 
in the c a tenary sequence this passes to ~'ello\/- grey 
brown clayey sand and yellow- grey gritty coarse sand . 
In the lowest x 1 rt of the catena where drainae:,e is 
poorest, gley or pseudo- gley soils occur . 
The soils on the meta1.1orphic r ocks and the 
Hodgkinson F'orU1ation are much finer textured than those 
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on the grani te , with a ca tenary sequence from fine 
brown s a nds on the higher pa rts to yellow and yellow-
grey sands in the lower levels . Drainage is often 
impeded in these f ine- textured soi l s, and clay layers 
sometimes occur at about 40 cm depth . Nodular 
groundwater podzolics have developed in d ep r essions 
where these sandy materi als have been subjected to a 
fluctuating wate r table . Gley s oils characterised by 
a rusty brown mottled eluvial sandy horizon and soft 
concretionary material in the zone of water t able 
fluctuation are associated with these groundwa ter 
podzolics . Also associ a ted with metamorphics and the 
Hodgkinson Formation are solodized - solonetz and solodic 
soils with a rapi<i downwa rd transition from a light 
s andy alluvial hori zon to a compact heavy clay columnar , 
prismatic or blocky structure . A surface sandy layer 
seldom covered by a p rotective wa t of vegetation is 
comm on to all these soils in the cl 1~ parts of the area . 
This loose wa terial offe rs little r esis t ance to the 
mechanical action of fal lin6 r a indrop s . 
In the wetter areas , where there is a greater 
development of veget a tion, simil a r catena ry relationships 
are found, but the soils tend to have a higher clay 
content . On the g ranites ne a r the s ummit of the Lamb 
Range, or at the head of the Gilles Highway, weathered 
pro f iles over 10 metres deep occur (pla te 7) . In 
these p rofiles the structure of rock ap pears unchanged , 
but all the wat e rial has b een transformed into a friable 
mass . About 5 cm of humus at the top of the profile 
is und e rl a in by a brown A1 hori zon which chan ges into 
a yellow A2 layer in turn becoming a bleached pale 
yellow- red B horizon which changes to the red weathered 
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granite material. Downslop e from the summit levels, 
the soil layers become much thinner, and on the s t eepest 
parts of the slope , core stones of unweathered rock 
lie very close to the surface . Under these conditions 
there is little development of the paler A
2 
and B 
horizons . In the lowe s t ~arts of the ca t ena soil 
moisture levels remain higher t han on the summits and 
the bleached layers are not found to the same extent . 
The soil profile remains red - brown from wea thered rock 
to humus layer. Thus at the summit of the cat en a the 
soils a re podzolic in nature compared with the more 
krasnozemic soils of t he lower levels . Similar cat enary 
associations a re found on the Barron River Me t amorphics . 
The variety of alluvial soils in the lowland 
a reas associ a ted with river terraces has already been 
d escribed . The wide range in nutrient content from 
the relative poverty of the soils on coa rse alluvial 
material from the metamorphics to the high fertility of 
the flood pl ain silts results in the contrasts between 
rain forest and dry sclerophyll veget a tion in the 
Mulgrave area which have already been described . 
The catenary associations of soils on uniform 
parent material are of hydrologic and ge ochemical 
significance. The soils near the summit of a catena 
are poor in nutrients which have been leached out and 
carried downslope, resulting in an accumulation of 
nutrients and thus richer soils in the alluvial flats . 
The catenary depend enc e of one soil type on the 
stability of another has been well illustra ted in some 
areas newly developed for irrigation . Where sandy 
soils containing small amounts of plant nutrients in 
their na tural st a te, become rapidly impoverished under 
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irrigation and cultivation , while in soils further 
downslope there is a rapid build up of salt from the 
residue of evaporation of irrigation water, and the 
solutes derived further upslope . 
THE VEGETATION OF THE CAIRNS- ATHERTON 
TABLELAND AREA 
The broad distribution of vegetation in the 
area is set out in figure 17. Large areas of the 
natural vegetation have been replaced by pasture or 
cultivated land which is quite different in hydrologic 
behaviour from the original plant cover . Removal of 
forest continues and forestry activity modifies vegetation 
structure. 
Webb (1959) describes the lowland rain 
forests of the Cairns- Innisfail area as Compl ex 
Mesophyll Vine forest (MVF), which is approximately 
equivalent to true rain forest (Richards, 1952) . The 
Simple Mesophyll Vine forest (SMVF) found at altitudes 
of 300 to 1200 min the ranges and Atherton Tableland 
is a three layered forest quite different from the 
lowland forest, and represents a wedge of a cooler type 
of forest occupying the less favourable sites. At 
higher or less edaphically suited sites SMVF gives way 
to Simple Notophyll Vine forest (SNVF), which is the 
equivalent of the warm temperate lowland forest found 
between latitudes 30° and 40°s . Above about 1370 m 
of Bellenden Ker and Bartle Frere, SNVF is replaced by 
Microphyll rv1ossy Thicket (lVllVIT) which is similar to a 
cool temperate rain forest found in Tasmania. 
Yebb emphasises that both altitude and 
edaphic factors influence the dj_stribution of the 
forest types . The decrease in leaf size and tree 
height, simplification of tree strata and spei£._es, 
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increase in mossy epiphytes at the expense of woody 
lianes, and the smoothing to a continuous canopy of 
leathery, mostly simple leaves provide a discrete 
transition from MVF - SMVF - SNVF to MMT on the exposed 
summits . 
The sclerophyll vegetation indicated on 
figure 17, embraces a wide range of vegetation types 
from wet sclerophyll forest with dense undergrowth to 
tropical savanna, showing a close relationship to 
edaphic conditions . Fringing forests, composed of 
river red gum (E. camaldulensis) and paperbark 
(Melaleuca spp.) but with rain forest species in the 
highest, wettest areas , extend down watercourses 
running westwards from the rain forest covered Mossman 
and Lamb Ranges. Ironbark Woodland and Forest 
(described by Perry and Lazarides, 1964, p . 179) covers 
the basalt in the dry country between Ravensho e and 
Mount Garnet . Pandanus palm and tea- tree are common 
on the steep granitic slopes on the western sides of 
the ranges in dry areas . Where soil depth increases, 
or soil moisture conditions change, the presence of 
different species reflects the altered environment. 
An area of sclerophyll vegetation in the Mulgrave 
Valley is anomalous in such a high rainfall area . 
The bare rocky slopes of Walsh Bluff are too steep 
for rain forest vegetation , but adjacent flat areas , 
though in rain shadow situations, still receive 
higher rainfalls than areas of rain forest on the 
Atherton Tableland yet have sclerophyll vegetation . 
However these areas of the Mulgrave have alluvial 
soils derived from schists and granites which are 
particularly poor in nutrients . 
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Cleared and improved pastureland occupies 
formerly rain forested upland areas which have been 
planted with such pasture grasses as paspalum (in the 
Malanda area) and kikuyu (in the Millaa Millaa district) 
(plate 8) . In many areas the margins of the cleared 
land have been invaded by bracken, lantana, and mat 
grass (Axonopus affinis). Inihis pasture land the 
chief effect of the vegeta t ion change has been to 
accelerate the rate of runoff after storms, which has 
resulted in higher peak discharges. The larger 
volumes of water appear to be causing deeply incised 
tributaries to undercut their banks, and to develop 
greater meander wavelengths . 
The arable land in the Cairns- Atherton 
Tableland area is of three classes, sugar cane 
growing land on the coastal lowlands, maize, peanut 
and potato farmland on the Atherton Tableland, and 
the irrigated land of the Mareeba - Dimbulah area. 
As the major crops are row crops there are unprotected 
areas of soil between the growing plants . Most arable 
land is subject to erosion, the severity of which is 
determined by the season at which the crops occupy the 
arable land . While early wet season storms can cause 
a lot of erosion between young spring - planted maize 
plants (plate 9), cane which is planted as soon as the 
ground has been cleared after the cutting of the 
previous crop, does not leave the soil so unprotected . 
However rainfalls in the cane growing areas are so 
intense that soil erosion occurs on all exposed 
cultivated land on slopes . Tobacco, the principal 
crop grown in the irrigation area is harvested in 
spring and early summer thus leaving irrigated land 
freshly ploughed and bare during most of the wet season . 
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On some of the pediments used for tobacco cultivation, 
whole sections of ploughed fields become gullied during 
storms . Soil erosion is a severe problem in all 
cultivated areas, being part of the major hydrologic 
change brought about by the removal of the natural 
vegetation . 
THE HYDROLOGY AND WATER BALANCE OF THE 
CAIRNS- ATHERTON TABLELAND AREA 
The seasonality of rainfall and evaporation 
discussed above is illustrated by the water balance 
diagrams (Fig 5) and the river regimes (Fig 18) . The 
annual runoff of the major rivers is extremely variable , 
for example the Barron at Kuranda (catchment area 
2900 km2 ) had, in the period 1916- 1937, a maximum annual 
discharge of 2 ,000 million m3 and a minimum dischar ge 
of 187 million m3 . In the short period 1938- 1949 the 
annual discharge of the 11alsh River at Dimbulah 
(catchment area 1600 lan2 ) varied from 560 million m3 
to 23 . 5 million m3 . The latter represents a difference 
in annual runoff of 350 mm in the best year to 15 mm 
in the worst . The maximum annual runoff of 1900 mm 
in the Barron at Kuranda during the 30 - year period 
1921 - 1950 represented 68% of the catchment rainfall , 
whereas the minimum annual runoff in that period was 
120 mm, only 11% of the rainfall which fell on the 
catchment that year . The effect of geologic conditions 
on runoff is demonstrated by a comparison of the 
monthly mean discharges of the Barron river in different 
places as the deep circulation of groundwater in the 
basalt of the Atherton Tableland reduces the streamflow 
at the beginning of the wet season and helps to maintain 
the flow during the winter. At Kuranda the r unoff per 
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unit area in the mon.ths April to October is less than 
t hat at Mareeba, although the rainfall over the catch-
ment is greater. 
No measures of the water used in transpiration 
by vegetation, or lost by evaporation in various areas 
are available, a part from the measurements in 
evaporation pans. Comparison of streamflow discharge 
with rainfall for certain catchments gives a general 
picture of the portion of precipitation which runs off 
as surface flow in the various parts of the area (Table 3) . 
The absolute depth of wa ter lost through 
evapotranspiration and other means is greatest in the 
high rainfall areas although a larger proportion of the 
rainfall is lost in the drier areas . The greater 
volume lost in wet areas is a function of the wetter 
climate as there is a seasonal water deficit in the dry 
western part of the area where practically all the 
streamflow passes in a few days of the year following 
heavy storm or cyclonic rains . This extreme irregularity 
of straamflow and the large peakflows are of very great 
geomorphic importance . 
MORPHOGENETIC SYSTEMS IN THE CAIRNS-ATHERTON 
TABLELAND AREA 
The contrast between long periods of dry 
weather and sudden storms of great intensity is the 
dominant feature of morphogenesis in this area . In 
the wet coastal areas the dry periods are shorter and 
the storms more frequent than in the west , resulting 
in morphogenetic processes akin to those of a 
continually humid climate. 
In the west however most streams are dry 
for one or more months of the year, and processes 
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characteristic of the savanna environment (wechselfeuchten 
Tropen ) predominate . Thus signs of exfoliation on 
exposed granite boulders appear in the hills of the 
Walsh and Mitchell catchments. Alluvial fans with 
signs of sheet wash extend from the bases of hill slopes . 
However, storm runoff develops into channel flow if 
suitable declivities are available. This channel flow 
on bare sandy soils causes gullying with rapid headward 
erosion and lateral widening through bank undercutting 
and collapse. In the dry areas, in which running 
water is active only for a short period of the year , 
the mechanical action of water is probably the dominant 
morphogenetic process . However there is much movement 
of solutes, with redeposition as a result of evaporation . 
Wind action also may be locally important . 
In the wet areas, the vegetation largely 
precludes mechanical action, unless disrupted by cyclone 
damage or similar events. Chemical action in soils and 
rocks predominates . Landslips may occur under rain 
forest when soils become excessively wet as Ellison and 
Coaldrake (1954) noticed in southern Queensland . 
These mass movements are localised in their effects, 
but may become extensive when the tree cover is removed, 
as has occurred in the steep pasture country in the 
southern part of the Atherton Tableland . 
The Cairns-Atherton Tableland area thus shows 
great contrasts between extreme conditions of great 
humidity and seasonal drought . Nhile a small part of 
it lies within the humid tropics, other areas experience 
savanna, or even montane temperate conditions . The 
catchments studied embrace this variety of conditions and 
illustrate the variety of impact of the local character-
istics of physical geography . 
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CHAPTER FIVE 
THE PHYSICAL GEOGRAPHY OF THE CENTRAL TABLE-
LANDS - ILLAWARRA AND THE SOUTHERN TABLELANDS 
AND HIGHLANDS DISTRICTS OF NEW SOUTH WALES AND 
THE AUSTRALIAN CAPITAL TERRITORY 
These two areas in which catchment were 
studied are considered separately, the Southern Table-
lands and Highlands first . 
THE GEOLOGIC EVOLUTION OF THE SOUTHERN 
TABLELANDS AND HIGHLANDS 
The area falls within the Lachlan Geosyncline 
which Packham (1960) recognised as occupying part of the 
Tasman Orthogeosyncline covering Tasmania, much of 
Victoria and SE and central New South Wales. The 
Lachlan Geosyncline was initiated in the Cambrian and 
its life ' s span extended into the early Carboniferous 
when it was finally stabilized during the Kanimblan 
Orogeny . 
The earliest known sediments in the Southern 
Tablelands and Highlands area are a great thiclmess of 
Ordovician greywacke, shales and siltstones (see 
geologic map, Fig 19) . They are characterised by 
very low grade regional metamorphism in the Tablelands 
area , but are locally moderately to highly metamorphosed 
in the Snowy Mountains area (den Tex, 1959). The first 
deformation of the Ordovician sediments occurred during 
the Benambran Orogeny at the beginning of the Silurian . 
The folding of the sediments in this orogeny was not 
accompanied by any significant igneous activity, save 
perhaps in the south, as indicated by potassium- argon 
determinations on rocks near Bombala and in NE Victoria 
(Eve m den and Richards, 1962) . 
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Silurian sediments overlie the Ordovician 
sediments with a marked unconformity throughout the 
area. The Silurian deposits include shale, siltstone, 
sandstone, limestone and tuff. The Silurian sedimenta-
tion was followed by the Bowning Orogeny, with which 
was associated the major phase of granitic intrusion 
affecting this part of New South Wales . Bpik (195s) 
described the Bowning Orogeny as an epoch of regional 
tectonic mobility of considerable duration, and 
.d-
divide, it into two phases affecting the Canberra City 
District . The first phase, the Yarralumla Phase, 
was short with moderate folding and minor faulting, 
and was separated from the second phase by the intrusion 
of the Painter Porphyry. The second, or Painter Phase 
was the main period of faulting, folding and fracturing. 
During this phase major faults of regional importance 
developed. In the Canberra area the faults developed 
at that time include the Murrumbidgee-Pig Hill Fault 
and Sullivans Line Fault which marks the boundary of 
the Canberra Rift between the Cotter Horst to the 
west and the Cullarin Horst to the east. Within the 
Canberra Rift the Deakin and Acton Faults bounding the 
Black Mountain Horst were formed at the same time. 
Other products of Bowning Grogeny are the Narongo and 
Ballallaba Faults bounding the western and eastern 
margins of the Captains Flat Synclinorium (Oldershaw, 
1964) and such major faults as the Berridale Wrench 
Fault (Lambert and White , 1965) and the Tawonga Fault 
of NE Victoria (Beavis, 1960). 
The Bowning Orogeny was also the time of 
the emplacement of most of the granite of the 
Southern Highlands and Tablelands. The intrusion of 
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granite was practically continuous throughout the 
Silurian and Devonian, with a gneissic type dominant 
in the Upper Silurian and foliated and massive types 
dominant in the Lower Devonian (Eveooen and Richards, 
1962, Joplin, 1962). The form of the Lachlan 
Geosyncline was modified during this major phase of 
tectonic activity, with the development in SE New South 
Wales of an up-domed zone, termed the Canberra Welt 
(Noakes, 1 954) . The area of the Canberra Welt was 
subjected to erosion during Devonian times, no Devonian 
sediments being reported in the Cooma area (Browne, 1914, 
1943) and the only Devonian rocks in the Canberra area 
are the Ainslie Volcanics and Narrabundah Ashstone 
( 0 p ik ' 1 9 58 ) . Silurian and Devonian deposition occurred 
on the flanks of the Canberra Welt with the limestones, 
shales, sandstones and conglomerates of the Tumut and 
Goodradigbee areas being accumulated to the west and 
the shales, quartzites and mudstones of the Shoalhaven 
to the east. 
The sediments in the west were affected by 
the Tabberabberan Orogeny, which is probably the same 
orogeny as that represented by the Ainslie Phase in the 
II 
Canberra City District (Opik, 1958). The Shoalhaven 
area was disturbed by the Kanimblan Orogeny in the final 
stage of the uplift and infilling of the Lachlan 
Geosyncline in the Upper Devonian to Lower Carboniferous. 
This phase marked the end of depositional activity in the 
Southern Tablelands and Highlands. The area of the 
Canberra Welt was dry land at the end of the Bowning 
Orogeny, and the remainder of the Tablelands and Highlands 
became dry land in the Early Carboniferous. The only 
major phase of igneous activity since then was the 
116 
ext rusion of the Tertiary Basalt in the Cooma- Bombala 
and Kiandra- Tumbarumba areas . " Opik (1958) recognises 
the effects of the Permian Glaciation in the form of 
the Fyshwick Gravel in the Canberra City District. 
Oldershaw (1 964) suggests the coarse river gravels in 
the upper part of the Molonglo valley (Fig 20) at 1000 m 
and others on low hills to the SE of the Hoskinstown 
Plain may also be Permian fluvioglacial material . 
The Tertiary basalts are of at least 
Oligocene age, and may be even older. They provide 
the only time marker by which phases of landscape 
evolution since the Lower Carboniferous may be dated . 
Evidence of tectonic movement in Tertiary times is 
lacking in the Canberra Rift, but is found in other 
parts of the area . The Berridale Wrench Fault appears 
to have moved about 100 m since the deposition of the 
basalt in that area (Lambert and 11:hi te, 1965) . The 
Snowy Mountains massif has been uplifted by step- faulting 
which began in the Early Tertiary before the extrusion 
of the basalts . The renewed movement of the Berridale 
and Tawonga faults is one phase of this uplift. Gill 
and Sharp (1956) show that the uplift during the Eocene 
was probably as important as any Pliocene or Pleistocene 
uplift for the formation of the Kosciusko Horst . This 
conflicts with the new opinion that the Kosciusko 
Upland represents the culmination of a Quaternary 
cymatogenic movement along a rising arch (King, 1962) . 
The probable origin of the Kosciusko Horst includes 
both up- doming and marginal faulting. This uplift 
and faulting may have been contemporaneous with that 
which occurred elsewhere in eastern Australia during 
the T:!rtiary . Much of the faulting would have involved 
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the movement of Palaeozoic faults , some of which may 
still be active. The Cullarin Scarp near Lake George 
east of Canberra is associated with a fault which still 
causes marked tremors in the Gunning area (Jaeger and 
Br owne , 1958) . Thus although Noakes (1954) and Opik 
(1958) emphasise that the landscape of the Canberra 
Welt has produced no evidence of differential movements 
in the Tertiary, the areas beyond the Welt seem to have 
suffered local faulting and uplift. 
THE GEOMORPHIC HISTORY OF THE SOUTHERN 
TABLELANDS AND HIGHLANDS 
The geomorphology of the area is the result of 
a long period of post- Palaeozoic sub-aerial denudation . 
The stability of some areas, such as the Canberra Rift, 
suggests that little erosion has taken place in some 
localities at least since the early Tertiary and possibly 
since late Palaeozoic time, (Noakes, 1954) . The 
present topography of the Canberra City District, 
II 
according to Opik (1958) is derived from the Upper 
Silurian mountain mass of the Bowning Ordgeny; it had 
already attained its maturity in the Devonian, and, 
owing to its position in the rift, became retarded in 
its erosional development, retaining the state of 
maturity more or less indefinitely. However, the 
major tectonic shift in the Canberra City District 
along Sullivan ' s fault has no topographic expression 
and from this considerable post- orogenic denudation 
might be inferred . The general difficulty of under-
standing how the prominent hills of the Canberra 
landscape which emerged from the Bowningian Cordillera 
were not greatly modified in post- Palaeozoic time has 
been discussed by Cotton ( 1957) . T. G. Taylor (1958) 
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points to the Molonglo gorge between Burbong and 
Queanbeyan as a strikingly rugged relief feature to 
have been relatively unmodified since the beginning 
of the Tertiary . This part of the Molonglo becomes 
even more difficult to understand if the gravels of 
the Hoskinstown Plain are similar to the Fyshwick 
Gravel and represent Permian fluvioglacial gravel , 
thus indicating that the features of the modern land-
scape of the Upper Molonglo also date from the Permian. 
If the Cullarin horst has been subjected to differential 
movement along the line of the Lake George Fault it 
is possible that the Molonglo flows from one old 
landscape remnant to another through a gorge which 
was cut as periodic uplift of the horst occurred . 
An alternative explanation of these features 
of the Molonglo catchment has been put forward by van 
Dijk (1959) who adopts the scheme of landscape evolution 
of the Southern Tablelands which was first put forward 
by Craft (1933a, b) . Craft argued that landscape 
evolution occurred in a number of erosion cycles 
operating on the post- Kanimblan mountains . King (1950 , 
1962) has related these erosion phases to his scheme 
of Gondwanaland surfaces . King recognises that the 
older land surfaces have been deformed by later warping 
and tilting. The levels recognised in the Canberra 
area and the equivalent names from various authors are 
set out in table 4 . 
Both van Dijk and King have maps showing land 
surfaces, although at very different scales . Van Dijk ' s 
map covers the Canberra District studied by 6pik , and 
it is instructive to compare the ideas of the two writers. 
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Van Dijk indic a tes· Black Mountain, Mount Ainslie and 
Mugga Mugga as all carrying remnants of the Molonglo 
land surface . 5pik suggests that the Black Mountain 
Horst may or may not have been a monadnock at some 
stage between the end of the Silurian and the present; 
that Mugga Mugga and the adjacent Red Hill ridge are 
nothing but small residuals of resistant rocks; and 
that Mount Ainslie is not derived by erosion from a 
pre- existing mountain mass, but marks only a construc-
tional episode on a pre- existing land surface without 
any genetic connection with the original erosional 
topography . However there are no flat surfaces of any 
extent on these hills and their heights differ 
considerably. The only fea ture common to the hills 
is that they stand out from the surrounding countryside . 
Similar possibilities of conflicting inter-
pretations arise outside the Canberra Rift. In the 
Captain's Flat area for example, Oldershaw (1964) thinks 
that gravels on the Hoskinstown Plain may be Permian 
fluvioglacial material while van Dijk (1959) defines 
this plain as a pediplain basin on the Molonglo land 
surface which is late Cainozoic in King's scheme . 
The headwaters of the Molonglo River rise on 
van Dijk's Monaro land surface at about 1000 m, the 
approximate level of the upper Queanbeyan catchment in 
which the Narongo Fault crosses the Queanbeyan River 
at Narongo hom estead . Below the Fault, the river 
cuts through the Rocky Peak Horst in a gorge, comparable 
to that of the Molonglo between Burbong and Queanbeyan . 
The Narongo Fault is a very prominent feature of the 
landscape in this area, as is the southern continuation 
of the Ballallaba Fault to the east of the synclinorium . 
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The topography here can be interpreted in terms of the 
exhum~tion of the bounding faults by erosion down from 
a prior land surface on which the Queanbeyan River 
originally meandered, with the less resistant Silurian 
sediments within the synclinorium being the more rapidly 
eroded . Alternatively the whole area may have been 
reduced to a fairly uniform level with the Queanbeyan 
River meandering across the surface, and the 
Palaeozoic faults were reactivated during a phase of 
uplift ( such as the Kosciusko cymatogeny) with the 
resulting incision of the Oueanbeyan River in the 
uplifted block. This second hypothesis could also 
explain the abandoned meander which contains the 
"Bean Lake " some 30 m above the Queanbeyan River in 
the horst SW of Narongo homestead. In both cases it 
is difficult t o imagine that the landsurface of the 
Molonglo and Queanbeyan headwaters is the Monaro land 
surface , and that t he planation processes which 
developed that surface only opera ted up to the horsts . 
This example demonstrates that detailed consideration 
of topography and drainage in areas outside those in 
which the close study which forms the basis of the 
general theories was made , reveals many complications 
and ambiguities . 
The course of Strike- a - light Creek which 
rises near Jerangle but flows westward through the 
Tinderry range is more difficult to explain. The 
extremely small portion of the river east of the 
Jerangle Fault makes it very difficult to argue that 
the downcutting of Strike- a - light Creek kept pace with 
the uplift of the fault block of the Tinderry range , 
although a case could be presented for the differ ential 
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erosion of the granites and adjacent Ordovician and 
Silurian sediments . 
In general the relief of the Southern Table-
lands and Highlands owes its major features to the 
Palaeozoic topography which emerged after the Kanimblan 
or earlier orogenies . The basic tectonic lineaments 
are reflected in the drainage pattern (Fig 20) with 
a very marked north- south alignment of the courses, or 
sections of the courses of the major rivers. The 
tendency for erosion surfaces to develop is subordinate 
to this tectonic control. Thus the notion that 
planation was not universal is common to many authors, 
such as Cotton (1949, 1950) who suggests that the tempo 
of denudation in the Southern Tablelands was very slow, 
thus allowing the survival of much relief in hard-rock 
districts. Erosion surfaces are thus confined to valley-
side remnants, and valley floor plains, which may be 
separated from lower land surfaces by steeper sections 
of the valley profile. These land surfaces are only 
minor modifications of the Palaeozoic landscape, and 
not widespread features as suggested by King. The 
rivers are in almost all localities incised below the 
level of adjacent plains, except in upland headwater 
locations, such as Long Plain near the source of the 
Murrumbidgee. It seems therefore that there is a 
lack of correspondence of modern drainage to erosion 
surfaces. This may be the result of the periodicity 
of landscape development in which phases of accelerated 
hillslope denudation and valley bottom aggradation 
during arid periods alternated with stable periods 
during more humid conditions (van Dijk , 1959). 
122 
At present rivers are dissecting the latest major 
valley floor deposits. Van Dijk's concept of cyclic 
landscape development is consistent with the notion 
that the same land surface may persist, with only 
minor change, through several arid-humid cycles. The 
same hill-slopes may be further eroded during each 
semi-arid phase of stormwater erosion and the debris 
will accumulate on the valley floor beneath the same 
pediment slope. It seems thus that the very slow 
rate of landscape modification postulated by Noakes 
and 8pik may be compatible with the evidence of cycles 
of landscape evolution, and the development of local 
land surface elements demonstrated by Craft and van 
Dijk. 
The Pleistocene Period affected the relief 
of much of the area, although the glaciation of the 
Snowy Mountains was extremely limited in extent (Ritchie 
and Jennings, 1956, Galloway, 1963). Periglaciation 
was widespread, the really severe periglacial climate 
with permafrost being confined to the highest mountain 
areas above 2,000 m, with the lower limit of periglacial 
solifluction being about 1000 min the Snowy Mountains, 
and 1,070 min the Canberra-Lake George area (Galloway, 
1965) . Periglacial action is the dominant morpho-
genetic process above 2,000 mat the present time. 
In the past patterned ground and block fields developed 
down to 1,500 m or even lower in some areas such as 
the Cooleman Plain. Slope deposits 1 solifluction 
terraces and "eboulis ordonnes", similar to those of 
Morocco (Raynal, 1960) are found down to 900 m. 
These lower deposits occur in areas where cyclic 
semi-arid humid phases of landscape evolution have 
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modified hillslopes . Thus cyclic development has 
been through at least two stages since the deposition 
of periglacial material . 
Rocky outcrops , similar to tors in some 
r espects, occur at all altitudes down to the level 
of the Canberra Plain at 600 m. In the granite 
areas , particularly in the Kosciusko Horst , road 
cuttings and trenches expose deeply weathered material 
with core- stones, very similar to those exposed in 
humid tropical areas of north Queensland, and described 
from other parts of the humid tropics . Deep 
weathering in the Tertiary produced these core- stones 
which were exposed and possibly modified by periglacial 
processes . 
Although this evidence of changing geomorphic 
processes is found widely, the effects of these 
processes have been solely to modify the very old majo r 
topographic forms . The concept of the deposits which 
result from these phases of morphogenesis as being 
merely hillslope mantles and valley fills illustrates 
the slight change in the geomorphology of the Southern 
Tablelands and Highlands over a very long time . 
THE CLIMATE OF THE SOUTHERN TABLELANDS AND 
HIGHLANDS 
Most of the area falls within K8ppens Cfb 
climate , and the mountain stations within the Cfc 
class (Gentilli , 1948) but the very highest stations 
above 1,800 m where the average temperature of the 
warmest month is less than 10°c have a tundra K3ppen 
Er climate . In a more detailed classification of 
the southern part of the area A. C. Taylor (1957) 
divides the district according to the number of months 
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of effective rainfall (precipitation : evaporation 
ratio greater than 0.28) and the number of months 
when temperature conditions limit plant growth. His 
map illustrates the contrast between the wet, cold 
mountain: areas, where ;temperature !r.estricts plant 
growth and the dry rain shadow areas east of the 
mountains where seasonal drought in late summer - early 
winter limits plant growth (see also isohyets on 
figure 21). Slatyer (1960) noted similar limitations 
in the Yass Valley to the north of the area, where 
the primary characteristic of the annual soil water 
regime is the autumn - spring period when water is 
available for plant growth, but in part of which the 
heavy winter frosts inhibit plant growth. 
The contrast between the drier plains and 
valleys and the wetter highlands is amplified by the 
seasonal distribution of rainfall. The ratio of 
the sum of the average monthly falls in the six 
summer months to that of the winter months is less 
than unity in the highland stations and greater than 
unity in the lowland areas. Table 5 shows the 
seasonal concentration of rainfall in the rain shadow 
areas (Dalgety, Cooma, Bredbo). The table does not 
include the highest mountain areas where annual 
precipitation may exceed 3800 mm. The bulk of the 
high mountain winter precipitation falls as snow. 
Snow falls in all parts of the area, but rarely lies 
on the ground and accumula tes below 1300 metres. 
The winter snowfall is mainly the result of the 
passage of depressions over the mountain range. 
The summer rainfall comes from surface lows which 
develop over the Australian continent and move in to 
SE of N w South Wa l es or the Bas s Strait . 
125 
Variability of rainfall 
In general the stations which derive most of 
their precipitation from the dominant westerly weather 
system have less variability than those with a summer 
maximum rainfall . The stations with the highest 
rainfalls are thus also the least variable. Compared 
with Australia as a whole, rainfall is less variable 
than in most other parts of the mainland. However 
wide variations in the amount of rainfall do occur, 
for example during the 71 years of record at Carwoola, 
between Queanbeyan and Captains Flat, the annual 
rainfall exceeded 1000 mm in 3 years and was less than 
380 mm in 3 years. A possible change in the 
characteristics of rainfall over SE Australia during 
the last 100 years has been discussed climatically by 
Kraus (1954) and from the geomorphic viewpoint by 
Craft (1935) and Costin (1949). Kraus shows that 
there was a decrease in summer rainfall to a minimum 
about the turn of the century, and a gradual increase 
since then . Winter rainfall shows the reverse trend . 
Costin concludes that weather cycles are a general 
feature of the climate, but their occurrence is 
irregular and unpredictable. He also concludes that 
there has been no appreciable change in annual 
precipitation since records began 100 years ago. 
Intensity of Rainfall 
The likelihood of very intense rainfalls 
has been studied in connection with flood prediction 
for engineering works in this area (Hounazn, 1957, 
Rainbird, 1959, 1960). The heaviest fall in the 
area was the "Burrinjuck Flood" of iYiay 1925, which 
produced rainfalls in the 24-hr period ended 9 a .m. 
I• 
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on May 27th of 380 mm at Araluen, 190 mm at Michelago, 
195 at Carwoola, 185 at Queanbeyan and 175 at Canberra. 
Costin (1954) notes that Charlotte Pass, Kiandra, 
Bombala and Cathcart have all received between 175 and 
250 mm in 24 hrs since records began, but such falls 
have occurred more than once only at Kiandra and 
Cathcart. The average fr equency of rainfalls of 
over 25 mm in 24 hrs at Canberra airport during 
1946-1964 was 5.2 days per year, those of over 50 mm 
recurred 0.9 days per year, over 75 mm three times in 
19 years, and over 100 mm once. Intense rainfalls of 
short duration occur mainly in the summer half-year. 
Cooma North recorded falls of 46 mm in one hour on 3 
March 1959 and 37 mm in one hour on 30 November 1958. 
Comparison of the 1963-64 records for Guthega Dam, 
Cooma North and Canberra shows that these stations 
received falls of over 10 mm in one hour on 10, 3, and 
5 occasions respectively, and the only fall of over 
20 mm in one hour was at Guthega. This confirms the 
general notion that the most intense falls occur most 
frequently in the areas of highest rainfall. The 
falls of over 10 mm at Guthega occurred mainly in 
spring and autumn, snowfalls being rarely as intense 
a form of precipitation as r ainfall. 
Evaporation 
The Aust . Bureau of Meteorology's map (1963) 
of average annual evaporation from the standard tank 
shows that the uplands of the Snowy Mountains over 
about 1,500 m have an annual evaporation of less than 
750 mm, and are one of the few areas of Australia with 
a major water surplus. The lowland areas around 
Canberra which has an annual evaporation of over 1200 mm 
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are areas of water deficit . Bulls Head with an 
evaporation of 1005 mm and rainfall of 1025 mm is at 
the margin of the water surplus area. 
Frost 
Frost occurs about 103 days per year at 
Canberra , on 140 days at Bulls Head , and on over 300 
days at Charlotte Pass . Frost i s a potent factor 
both morphogenetically and biologically in this area . 
THE SOILS OF THE SOUTHERN TABLELANDS AND 
HIGHLANDS 
On the high mountain areas the soils (Fig 22) 
consist of moor peats and alpine humus soils . The 
moor peats occur on both concave and gently convex 
surfaces in the higher, wetter situations and the 
alpine humus soils together with large areas of bare 
rock and boulder scree make up the balance of the 
alpine landscape (Table 6) . Coarse rock fragments 
in the mineral part of the soil profiles and the low 
amounts of material in solution in the water which 
drains from the alpine areas suggest that physical 
weathering is very important in these soils . The 
soils are extremely acid indicating rapid cation 
losses in water, and some evidence of mobilisation 
of iron is found in deep humus soils. The high water 
holding capacity and porous nature of these soils is 
a critical feature of the hydrology of high mountain 
streams (Stephens, 1961) . However, much of the high 
alpine peat has been destroyed by burning a d runoff 
to streams has become more rapid. As a result , water 
flow is concentrated in single streamlines instead of 
being dispersed as free water over the whole of the 
bog area . As the stream channel deepens, the water 
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table is lowered and the bog begins to dry out. As 
the bog dries out, the peat becomes dry and dusty, 
and is then readily removed by wind or water (Durham, 
1959) . 
In the lower mountain areas there is a 
transition from the alpine humus soils to the podzolic 
soil complexes which predomina te over the remainder 
of the area. Brown pod ~.olic soils (A. C. To.ylDr, 1958) 
develop on the lower parts of the cooler, moister 
slopes of the Snowy Mountains. Grey-brown podzolic 
soils occupy similar topographic positions to the 
brown pod ~olic soils in drier areas. The grey-brown 
podzolics are loamy soils with unstable crumb structure, 
and a tendency to compaction in the B horizon. Although 
these soils usually support a good vegetation cover, 
intensive grazing sometimes destroys the vegetation and 
increases the compaction of the soils with an increased 
liability to sheet and gully erosion . 
In the drier areas grey-brown podzolics are 
associated with brown soils of light texture. The 
latter have an A hori zon of brown sand or sandy loam with 
little apparent organic matter. The change from the A 
to the Band C horizons is usually imperceptible, 
texture gradually changing from sandy to sandy loam, 
sandy clay loam, sandy clay or clay, with a compact 
but somewhat vesicular structure becoming increasingly 
apparent with depth (Stephens, 1962) . In the Dalgety 
(A.C. Taylor, 1958) and Bredbo-Cooma (Pettit, 1958) 
areas these light soils have been severely denuded 
by rabbits and have become badly gullied . 
In the drier areas further north around 
Canberra, the most widespread soils are red-yellow 
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podzolics (Brewer, 1954). The morphology of these 
soils varies considerably , particularly in the colour 
and structure of the B horizon, according to site. 
Brewer recognises minimal podzolics as those with 
least bleaching in the profile , and the maximal 
podzolics as soils with a strongly bleached profile 
with a dominant red mottle a t the top of the B horizon, 
and considerable amounts of ferruginous concretion . 
The minimal red-yellow podzolics occur on both 
sediments and porphyry, particularly in the Canberra 
Plain, and also in a transition zone on the mountain 
sides between the medial red-yellow podzolics which 
occur at 700 - 1000 m and the alpine humus soils above 
1500 m. Maximum red-yellow podzolics occur 
particularly on coarse grained granodiorites and in 
sites of restricted drainage where podzol development 
occurs. Red podzolics are found on the better drained 
sites, and yellow podzolics on the more poorly drained 
sites. 
In the areas of steep slopes, such as the 
hill country of the southern ACT and the Goodradigbee 
catchment, skeletal red-yellow podzolics occur . 
These are shallow stony or gravelly soils usually 
less than 50 ems deep, with grey brown loamy sandy 
surface soils, which may be bleached in the lower 
parts, over partially decomposed parent rock , which 
may be red or yellow depending on the degree of 
weathering. 
In localities where parent materials other 
than the widespread Palaeozoic sedimentary and 
igneous rocks occur, other types of soil are found . 
On the basalts in humid areas, such as around Kiandra, 
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red loams and transitional red loams have developed. 
In the drier Cooma area, chocolate soils occur on 
basalt. Red loams also develop on other iron-rich 
rocks, while terra rossa occurs on small areas of 
Silurian and Siluro-Devonian limestone . 
The pattern of soil development is also 
affected by the cyclic landscape development described 
by van Dijk (1959) who recognises four main ground-
surfaces in the Canberra district. These are 
developed on hillside colluvium, valley alluvial sheets 
and river alluvium. Each groundsurface has character-
istic soils. The youngest, apart from the present 
flood plain deposits, or K1 groundsurface has minimal 
prairie soils, the K2 has red earths and yellow earths, 
indicating a longer period of soil formation. The K3 
has red and yellow podzolic soils, whilst the K4 surface 
has similar soils of maximum contrast suggesting even 
longer evolution. In the Bredbo area, a K5 ground-
surface has lateritic, ironstone features, and a K6 
surface has a soil with classic laterite development 
(van Dijk, personal communication). These older 
soils are residuals in dis-equilibrium with the 
present climate. 
THE VEGETATION OF THE SOUTHERN TABLELANDS 
AND HIGHLANDS 
The vegetation of this area shows a very 
close relationship to edaphic factors and local 
climate. It consists basically of two grassland 
tracts, in the lowland plains, and in the high alpine 
zone, separated by woodland and forests which are 
dominated by various species of eucalypt. The 
vegetat ion , particularly the grassland, has been 
greatly modified since European settlement began. 
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The close relationship between vegetation and edaphic 
and climatic factors in the highlands is shown in 
table 6 . The broad zonation of vegetation in the 
Southern Tablelands and Highlands is set out in table 7 
and illustrated on Fig 23 . The actual sequence of 
vegetation along any transect from tablelands to the 
summit of the main range depends very much on soils 
and aspect . Many alliances are found at altitudes 
differing from those in the table because situations, 
such as cold air drainage or water logging , provide 
suitable conditions. 
For hydrologic purposes the alliances may 
be grouped into three classes, treeless grassland , 
open canopy woodland, and continuous canopy forest . 
The treeless grassland includes both the original 
vegetation of such areas as the Canberra Plain, the 
wet tussock grasslands of poorly drained areas and 
frost hollows of the tablelands and sub- montane areas , 
the dry tussock grassland of the basalts of the Mo naro 
High Plains around Cooma, and the various forms of 
Alpine vegetation . The open canopy woodland includes 
both savanna and alpine woodland which both, under 
natural conditions , have a well - developed grass cover 
under the trees . The closed canopy vegetation 
includes the dry sclerophyll forest which has a sub-
storey of more or less continuous shrubs about 1 m high 
but no grass cover, and the wet sclerophyll forest 
which has both shrubs and grass . 
One of the few studies on the effects of 
vegetation on precipitation made in Australia was 
carried out by Costin and Wimbush (1961) in the Snowy 
Mountains . Comparing precipitation under trees and in 
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the open on wi ndless and windy r aindays , they found a 
greater precipitation in the open on windless days but 
more precipitation under trees on windy days . The 
results also suggest that in catchments between 1 , 300 
and 1, 650 m timbered areas collect at least an extra 
25 - 50 mm of water per year from rain and cloud, and 
that in catchments above 1,650 man extra 50 - 125 mm . 
These indicate the importance of the tree vegetation 
which is found to the summit of such peaks as Mount 
Franklin at 1,800 m. 
Widespread graz ing throughout the area has 
modified the vegetation, and changed its effects on 
runoff . Most of the alpine woodland country originally 
had a well developed herb layer and relatively few 
shrubs . Periodic fires have reduced the trees and 
produced an extensive development of scrub . Sheep 
nibble the young shoots of the trees which emerge after 
fire , and thus hinder the regeneration of the woodland 
vegetation . Many minor species have been eaten out , 
and grazing is concentrated on the species which grow 
between tussocks of Paa caespitosa (Costin , 1958) . 
This results in a gradual development of bare spaces 
between tussocks . Soil movement in these areas soon 
becomes extensive , with the pedestalling of even 
short- lived plants and the development of gr avelly 
erosion pavements . Once the size of intertussock 
space increases beyond the protective influence of 
adjacent overhanging tussocks larger bare areas begin 
to develop through the erosion of tussock margins and 
the heaving of regenerating seedlings due to increased 
frost action (Costin and Co- workers, 1959) . 
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The burning of the wet sclerophyll forest 
r emoves the shrub understorey , and , when severe , 
exposes part of the underlying soil . The herbaceous 
layer becomes replaced by dense shrub vegetation whi ch 
is more susceptible to repeated burning . Successive 
bur ns continue to expose the surface soils , especially 
where grazing oc curs immedia tely after the first grasses 
regene r ate . Accelerated soil movement occurs , 
producing severely truncated soil profiles with little 
or no surface litter, as found in many parts of the 
area today (Costin and co- workers , 1959) . 
In the dry lowland areas a large increase in 
the rabbit population and years of drought at the turn 
of the century produced conditions which resulted in 
severe sand drifts on parts of the Cooma- Bredbo road 
in the period 1910 - 1935 . The hummocky ground in 
part of the dry tussock grassland of these plains is 
the relic of this phase of destruction (Durham, 1961) . 
Many of the natural grasses of the lower more intensively 
grazed areas have been replaced by subterranean clover, 
and have also been treated annually with superphosphate. 
The overall modification of vegetation in the whole of 
this part of Australia is very great, and it is only 
in such protected areas as the Cotter catchment of the 
ACT that natural vegetation really exists . 
HYDROLOGY AND WATER BALANCE 
Two types of river regime, mountain and 
tableland, occur in the area . The mountain regime 
is affected by the dura t ion of snow cover , the Snowy 
River above Guthega Dam for example having a maximum 
monthly mean flow in October , whereas the Cotter peak 
flow occurs in August or September . The tableland 
regime is torrential, streamflow consisting of high 
discharges following rains , separated by periods when 
the flow is very low and even nil in the smaller 
catchments . Basinski (1960) has described the regime 
of the Yass River, which is a good example of the 
rivers which are entirely within the low rainfall area . 
Surface runoff from floods, contributing the major 
part of the total discharge, extends over 3- 4 days 
after the peak . The interflow recession takes 7- 10 
days . Thus, unless fresh rain causes further runoff, 
the flow of the Yass River drops, usually within ten 
days , to an insignificant quantity . 
Costin and co-workers (1961) show that while 
the Snowy Catchment above Guthega receives about 30 per 
cent of its annual precipitation during the spring thaw 
period, the catchment produces more than 50 per cent of 
its water yield in this period. Their snow survey of 
the catchment indicates that accumulations with a water 
content equivalent to a depth of 2300 mm frequently occur , 
and that the average water content of the snow cover of 
the catchment is equivalent to a depth of 600 to 1000 mm . 
Little is known of distribution or depth of snow cover 
in the rest of the area . Costin (1954, p . 48) remarks 
that exceptionally heavy snow falls may occur as low 
as 600 to 900 mas occurred on 6 August 1965 . Being 
infrequent and irregular, such falls strongly affect much 
of the taller tree vegetation of the tablelands, with 
widespread damage to branches. In the montane tract 
between 900 and 1500 m, several heavy falls may occur 
during the winter months, but usually none lies 
continuously for more than two to three weeks . 
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In any . particular area, snow melt involves the 
interaction of three processes of heat transfer : 
radiation, convection, and conduction . In late spring , 
given a clear day and fairly open terrain, radiation 
is the prime factor in the melting of snow. However, 
under conditions of heavy cloud cover or heavily 
forested terrain radiation be comes a minor factor. 
While wind is an important element in the convection 
process in exposed areas, it is of little significance 
in heavily forested areas (Rantz , 1964). 
While rainfall increases snow melt, snow 
cover decreases the rate of runoff from rain. In the 
Snowy Mountains snow persisting into late spring is able 
to absorb some spring rainfall which would otherwise be 
rapidly discharged from saturated, snow- free soil 
(Costin and co- workers, 1961) . Rain at 4°c, typical 
of that occurring in spring when precipitation oscillates 
from rain to snow, will melt only 5.5 per cent of its 
weight of snow . Even at 20°c rain would melt only 20 
per cent of its weight of snow . Consequently, if snow 
cover is heavy, rain must be very heavy to remove it 
entirely (Church, 1942, p. 133) . 
The extensive tree cover of most of the 
mountain ranges of the Southern Highlands provides 
conditions which favour the delayed melting of snow 
cover . Upland limestone and peaty, wet tussock 
grassland plains alone provide open country for rapid 
snow melt by direct radiation. Costin and co - workers 
(1961) have demonstrated the increased storage of snow 
that would result from tree plantation in the Snowy 
catchment above Guthega . 
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Church (1942) points out that the ideal forest 
f or the conservation of snow is one honeycombed with 
glade s whose extent is so related to the height of the 
t r ee s that the sun canno t reach the surface of the 
sno w. Although glades in sclerophyll forest are not 
so eff ective as those in forests of denser foliage in 
protecting snow from radiation, they can cause 
t urbulence , which produces locally greater fall - out of 
snow . Alpine woodland, and to a certain extent wet 
sclerophyll forest, provide fairly good conditions 
for the conservation of snow . Branches and leaves 
hold up very little snow , thus preventing the long and 
accelerated evaporation of snow from the branches as 
occurs in coniferous forests . The accumulation of 
litter on the floor of the eucalypt woodland to some 
extent protects the snow against frost in the soil . 
The mass of trees prevents the removal of snow by 
wind drifting . 
In the Southern Highlands, solar radiation 
during the long and often cloudless winter day is an 
important factor in snow melt . Stlelter from direct 
radiation is a majo r factor in snow cover distribution. 
In June and July 1964 , snow lay longer on the ground 
on the sheltered steep slopes to the SW of the 
Tinderry Range in the Strike- a - light Creek catchment, 
t han on the more open country of the Queanbeyan 
catchment to the NE . In the higher, wetter, more 
thickly forested Brindabella and Fiery Ranges , snow 
cover is preserved much longer than in the Tinder ry 
Range . During 1964 Bramina Creek , dr aining a large 
ar ea over 1 , 300 m high, had a prolonged period of high 
dischar ge during winter months when an exceptionally 
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dense snow cover persisted in the Fiery Range . During 
the same period, Strike-a-light Creek had greater 
variations in discharge, and snow melt provided less 
of the total stream flow . 
Although precise measurements are lacking, 
it is evident that snow melt is a major contributor to 
stream flow in the high mountain areas above 2,000 m and 
may contribute a large part of the annual runoff in 
certain years of streams rising between 1,500 and 2,000 m. 
Water balance diagrams have been compiled for 
certain stations in the area, and are shown in figure 6 . 
These diagrams emphasise the contrast between the water 
surplus areas of the mountains and the water deficit 
areas of the Tablelands . 
MORPHOGENETIC SYSTEMS AND EROSION PROCESSES IN 
SE NEW SOUTH 1l ALES 
Costin ( 1950), Costin and co-workers ( 1 959) 
and Durham (1956) emphasise that while frost action, 
mass movement and water erosion in the high mountain 
areas are all part of the erosion process under natural 
conditions, the destruction of the vegetation, largely 
as a result of over-grazing and droughts in the period 
1890-1920 , has resulted in a great extension of the 
area in which these processes are operative, and in the 
amount of denudation occurring in these high areas . 
The effects of nei dle ice are restricted by the dense 
herbaceous cover under natural conditions, but cause 
rapid regression of embanlanents in engineering works, 
and a reas exposed by erosion after vegetation 
destruction. 
The characteristic incision of streams below 
the level of their valley alluvia has already been 
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mentioned . The streams are eroding the alluvial fills 
at present, with much bank erosion by undercutting . 
Craft ( 1932, 1935) has described streams such as the 
upper Shoalhaven, upper Murray and Snowy above Jindabyne, 
as capable of removing all the material supplied to them . 
Coarse fragments are destroyed by comminution in 
turbulent sections of the stream s. Headward gully 
erosion is a very important feature of contemporary 
landscape evolution . Wind action is significant only 
where soil has been exposed through interference with 
the natural vegetation. The zone of extreme wind 
action in this area is the urban district of Canberra, 
where large areas of soil are left exposed for long 
periods of bulldozing and grading operations. The 
supply of dust from these areas to adjacent streams is 
probably the fastest rate of denudation anywhere in the 
area . 
The separation of natural geomorphic processes 
from man- induced denudation in this area is extremely 
difficult. The area is largely a modified landscape 
of which exotic willows and erosion gullies are now 
characteristic features. 
THE ROBERTSON AREA OF THE CENTRAL TABLELANDS - ILLA fARRA 
REGIONS 
The Central Tablelands of New South Wales form 
an arc around the Cumberland Basin . On their south-
eastern extremity they adjoin the Illawarra district 
at the summit of the Illawarra escarpment . In this 
area is the divide between streams draining to the 
Shoalhaven, Nepean, and the Illawarra Lake (Fig 24) . 
The area is part of what T. G. Taylor (1923) calls the 
Nepean Ramp which rises gradually from sea level near 
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near George's River to over 8 50 m south of the 
Shoalhaven, although Craft (1928) uses the same term 
for the more restricted area from Botany Bay to 
Robertson. The Nepean Ra.mp has been dissected by 
the Avon, Cataract, Cordeaux, George's and Woronora 
Rivers . Robertson, at the upper end of the ramp, 
on the outer edge of the downwarped Sydney zone, has 
affinities with the tablelands extending westwards 
towards Goulburn. Craft (1928) terms this tableland 
area the Shoalhaven Plateau, which around Robertson 
is developed on the nearly horizontal Triassic 
Hawkesbury Sandstone and Wianamatta Shale . 
Surmounting the general plateau level are 
hills of Tertiary basalt which form the ridge on which 
Robertson township stands (Fig 25). Joplin, Hanlon 
and Noakes (1952) tentatively classify these flows of 
olivine basalt and basanite as Oligocene in age. 
Similar bas~lts at Exeter and Wingello have been 
cited as evidence of a formerly more extensive sheet, 
but they have not yet been shown to be of similar 
petrographic composition, and Craft's statement that 
the basalt at Robertson is 115 m thick has not been 
confirmed (Hanlon, Joplin and Noakes , 1953). 
Rounded basalt hills occupy the core of 
the Robertson area with the flatter relief of the 
Wiana.matta Shales and Hawkesbury sandstone on the 
margins . To the east and south deeply incised 
valleys drain to Lake Illawarra and the Shoalhaven, 
with steep ramparts and waterfalls separating the 
tableland from the coastal lowlands of the Illawarra . 
To the NW and SW ill drained areas such as the 
Wingecarribee Swamp and Wilde's Meadow have developed 
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where water remerges at the base of the basalt on the 
impervious stiff clay layer of the weathered Wianamatta 
shale . 
The red-brown krasnozemic loams developed on 
the basalt vary considerably in thickness, depending 
on their catenary position . Walker (1960) maps these 
soils as part of the r:erri-Numbaa soil association, 
which includes the soils on the Kiama basalts (Fig 26) . 
He describes them as "deep, red soils of low plasticity 
on basalt rock; in places shallow dark and crumbly 
soils occur". A dark brown- red eluvial horizon 
merges directly into a reddish C horizon containing 
weathered and rotting fragments of basalt. These 
soils have a high clay content, are friable when dry, 
slightly acid at the surface, and more acid with 
depth, high in organic matter, but have a very low 
soluble salts content . 
CLIMATE OF THE ROBERTSON AREA 
Rainfall on the coast east of the Illawarra 
escarpment is about 1000 mm per year, at the summit 
of the escarpment, at Robertson, 1600 mm, at Burrawang , 
13 km west 1330 mm and at Moss Vale, in a rain shadow 
20 km further west, 1000 mm (Fig 27). The exposed 
position of Robertson makes the area particularly 
susceptible to storms derived from the Pacific . 
Very high rainfalls occur more frequently here than 
in the Snowy Mountains area . One such high fall 
was 290 mm in 24 hrs on 12 June 1964. Two falls of 
greater magnitude occurred in the previous decade, 
and falls of over 50 mm in 24 hrs occur an average of 
9 . 2 times per year . 
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Although no temperature recording stations are 
sited within the area, it may be inferred from neigh-
bouring stations and topography, that summer temperatures 
are fairly high, but frosts are likely between March 
and December . Annual evaporation is less than 1000 mm, 
making this an area of water surplus . 
VEGETATION OF THE ROBERTSON AREA 
Temperate rain forest of Webb 's Simple 
Notophyll Vine forest category (1959) developed under 
the favourable rainfall conditions on the basalt soils . 
Only a small protected area and a few isolated remnants 
of this r ain forest remain (Fig 28) , containing among 
other species, coachwood (Ceratopelatum apelatum), 
sassafras (Doryphora sassafras), lilly pilly (Eugenia 
smithii), red cedar (Toona australia), black apple 
(Planchonella australis) , rusty fig (Ficus rubiginosa) 
and cabbage tree palms (Livistona australis) (Francis, 
1951,p . 5). The basalt was probably a more favourable 
environment for rain forest than the sandstones of the 
Macquarie Pass , and thus a more luxuriant type of forest 
than that found in the steep gorges to the east and 
south probably existed around Robertson (Baur, 1957). 
HYDROLOGY AND MORPHOGENETIC SYSTEMS IN 
THE ROBERTSON AREA 
At least a century of intense transformation 
of the vegetation has changed the soils and hydrology 
of the area . Some of the area is under pasture but 
much arable land remains, with ploughing up and down 
slopes frequently providing plenty of channels for 
runoff and soil erosion . Much of the material washed 
off ploughed slopes is redeposited at the base of the 
slope before the runoff waters enter the stream channel . 
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Most streams are incised into the alluvia of their 
flood plains, but overtop their banks in periods of 
peak flow after excessive rain. 
Much of the precipitation infiltrates 
where it falls to re-emerge in intermittent springs 
part-way downslope. In many cases there is a sequence 
of springs downslope, the lowest set remaining active 
long into dry periods. Large scale soil slumping 
occurs on some slopes undercut by rivers. Many of 
the streams are actively altering their channels at the 
lower parts of their concave profiles on the basalt, 
above the marginal swamps. The stream channels 
contain much fine clay material and the major source 
of sediment load appears to be the removal of soil 
by turbulent overland flow along furrows in ploughed 
fields. 
The Robertson area was studied because it 
is pedologically and geomorphologically reasonably 
similar to the Atherton Tablelands. However the 
greater period of forest clearing and modification 
of natural conditions makes the interpretation of 
observations difficult. The whole of the part of 
New South 1t ales described in this chapter may be 
regarded as a much modified landscape, in many areas 
subject to morphogenetic processes which have never 
previously been active. 
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CHAPTER SIX 
LOCAL AND REGIONAL SIGNIFICANCE OF RESULTS 
OF CATCHME 'TT STUDIES IN NORTH - EAST 
QUEENSLAND 
In the first part of this chapter results of 
i nves tiga tions in i ndividua l catchments ar e summarised 
and in the second part rates of denudation of individual 
catchments are compared . Some local differences are 
discussed but major comparisons between this area and 
other areas are presented in Chapters Eight , Nine and 
Ten. 
Thirteen of the 24 sampling stations in the 
Cairns- Atherton Tableland area (Fig 8) were visited 
on more than ten occasions, varying from 97 visits 
to the Barron River at Picnic Crossing (sta 7) to 13 
visits to the jungle headwaters at Davies Creek (sta 3) . 
These thirteen more fully studied stations (sta 1 to 
13) form the basic group for the study of denudation 
rates, observations from them being used to calculate 
regressions of dissolved, suspended or combined 
dissolved and suspended loads against discharge . 
Samples from the eleven additional catchments and 
various isolated samples from other rivers, springs and 
seepages help to provide a more complete picture . 
The atmospheric contribution to the geochemical cycle 
(Mason , 1958, p . 279) was examined by 20 rainfall 
samples collected at various places in the area . 
The graphs of figs 29-33 summarise the 
basic field observations and analytical results 
showing the scatter of individual determinations of 
rates of denudation of dissolved and suspended 
matter and the combined rate of removal of material 
by these means . The regression and correlation 
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coefficients for ·each of these three relationships 
for the 13 catchments studied in detail are given in 
tables 9 and 10 . 
INDIVIDUAL CATCHMENTS : CHARACTERISTICS AND 
RESULTS 
Of the 24 sampling stations listed in table 8, 
all but two are on rivers draining into the Coral Sea . 
The other two , the Walsh River (sta 6) and the Mary 
River ( sta 17) are in the Mitchell basin which drains 
to the Gulf of Carpentaria . Of the remaining 22 
stations , 7 are in the Barron catchment, 5 in the 
Herbert , 3 in the Mulgrave , two each in the Tully and 
Mossman basins, and one each from the Russell , North 
Johnstone and Joyce Creek catchments . 8 of the 24 
stations are situated on the coastal side of the main 
ranges from Bartle Frere to the Lamb Range . The 
highest of these 8 stations (sta 4) is at an altitude 
of 320 m, whereas the inland stations range in height 
from 343 m (sta 17) to 1082 m (sta 6). The catchments 
vary in lithology, being on basalt , granite, and meta-
morphic rocks or combinations of these and other rock 
types ( table 12) . 
Barron Basin 
Davies Creek . (sta 1, 2 and 3). This tributary of 
the Cholesy River which enters the Barron a few kilo-
metres above Kuranda rises on the western slopes of 
the Lamb Range in rugged granite country, with deeply 
weathered soils covered with simple mesophyll vine 
forest, much of which is still undisturbed by forestry 
activity . Station 3 is on an accessible headwater 
stream in rain forest country. Some forestry activity , 
particularly road- building, has occurred in this 
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catchment . The stream bed at this station consists 
par tly of a minor channel in which coarse granite 
fragments of both quartz and feldspar grains , form 
riffles while finer fragments , mainly quartz , occupy 
t he beds of the pools ; and of a major channel in 
which fine silt and clay forms a deep waterlogged ooze 
partly covered with vegetat ion . Core stones of 
granite, remnants of the deeply weathered regolith , 
form major obstacles in the channel, causing deep 
scouring action in the granite debris around the 
boulders (Plate 10) . 
Downstream , as the western slope of the 
Lamb Range steepens, soils become thinner and rain 
forest gives way to wet sclerophyll forest which, two 
to three hundred metres further downstream , grades into 
dry sclerophyll woodland . Some rain forest species 
line the stream banks down to the abrupt break of 
slope above the Davies Creek Falls . Station 2 is 
situated just above the falls, where the creek flows 
over bare granite slabs . Some sands found on the 
stream bed above the falls are transported over the 
falls by high velocity flood flows . 
Below Davies Creek Falls the creek reaches 
the level of the Barron- Mitchell land surface into 
which it is incised about 15 m through ancient 
podozolic soils on metamorphic rocks . This incision 
may represent the flood channel of flows with a ten 
or twenty year recurrence interval a s the road 
bridge 10 m above the creek bed is covered by flood 
waters about once a year . At station 1 Davies 
Creek has a minor channel only 10 m wide, but its 
flood channel is about 100 m wide and largely covered 
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with vegetat ion . While the bed load material in the 
minor channel rarely exceeds 5 cm in diameter , that 
of the major channel is coarser with fragments up to 
40 cm in diameter . 
Results from Davies Cre ek. Samples from the three 
stations in widely differing situations on Davies 
Creek should theoretically provid e good comparisons 
of the effects of ve~etation and soils on sediment 
yield. In fact no significant differences were 
found between the combined dissolved and suspended 
denudation rates for these three stations (table 17) 
probably as a result of the paucity of data from 
station 3 . However, the hydrologic significance of 
the contrasts in rainfall and catchment characteristics 
affecting the creek at the three stations is shown 
by a comparison of runoff per unit area on given 
dates (table 13) . In the dry weather situation of 
November 13th, the 5.26% of the catchment area above 
station 3 contributed 49.04% of the total discharge at 
station 1. In the rainy weather situation of 
February 12th, which followed the passage of cyclone 
"Dora", only 4 . 78% of the total runoff was derived 
from the rain forest area above station 3, the 
discharge from areas of sclerophyll vegetation being 
more rapid . 
Distribution and intensity of rainfall 
are particularly important in such comparisons of 
hydrologic events . Although no rainfall data are 
available within Davies Creek catchment, some under-
standing may be gained from the pluviograph records 
from Black fuountain, Mareeba, Kairi and Cairns , 
situated to the north , west, south and east of the 
catchment respectively (Fig 14) . 
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Intense rains were recorded at Black 
Mountain ( 12 mm in 16 minutes), Mareeba (10 mm in 
15 minutes), Cairns (15 mm in 15 minute~ and Kairi 
(8 mm in 30 minutes) on the 8th November 1964, but 
as very little rain had fallen in the previous ten 
days that which did no t infiltrate into the soil ran 
off very quickly . Runoff i n the open forest vegetation 
of the lower part of the catchment was more rapid than 
in the rain forests of the headwaters so that by 
November 13th the stream at station 3 in the rain 
forest was contributing a large proportion of the total 
stream flow . 
Prior to 12th February 1964, very heavy 
rains fell around Davies Creek : 10 . 4 mm in 5 minutes 
on February 9th at Black Mountain and 6 mm in 30 
minutes on February 10th at Kairi, with Mareeba and 
Cairns recording similar high intensities . Under 
these conditions, the ground surface of the catchment 
became nearly saturated, and runoff was very rapid . 
By February 12th, after five days of heavy rain, the 
sediment yi eld was mainly in the form of dissolved 
matter, as the peak of the suspended sediment yield 
passed downstream at the beginning of the rain period . 
On this occasion the whole of the catchment was 
saturated and runoff from all tributaries was rapid . 
The contribution of the streams draining open forest 
country was thus a much larger portion of the total 
discharge of Davies Creek at station 1 than on 
November 13th. 
On February 7th, 10 . 7 mm of rain fell in 
10 mins at Black f:Io untain . Davies Creek at station 1 
rose rapidly to a discharge of 0.13 m3/km 2/sec with a 
rate of denudation of 134 m3/1an 2/year . Unfortunately 
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the headwaters were inaccessible under these conditions . 
However , a vivid demonstration of one of the major 
anthropogenic sediment sources was provided by the 
concentration of suspended matter of 1 ,666 mg/1 found 
in water draining an erosion gully . This far exceeds 
the simultaneous concentration of 12 mg/1 in the main 
channel of Davies Creek. 
There is a gradual increase in total 
dissolved solids concentration in Davies Creek down-
stream from station 3. As this transition is from an 
area of 2,100 mm to 1000 mm mean annual rainfall, some 
of the change in chemical quality is due to evaporation . 
The waters at station 1, however, contain greater 
proportions of calcium, magnesium, sodium and chloride 
than the higher stations (table 15) . This is probably 
a result of changes in lithology, with more soluble 
basic rocks (basalt and Barron River Metamorphics) 
downstream of station 2 . 
Freshwater Creek (sta 4) (plates 11 and 12) . 
Freshwater Creek drains the opposite flank of the 
granite Lamb Range to Davies Creek, but also has 
t ~ibutaries draining the metamorphic rocks of the 
Whitfield Range nearer the coast. The whole of the 
catchment is covered with rain forest which has 
recently been distributed by timber extractors on 
the Whitfield Range . Water samples were taken at the 
intakes above the falls known as the Crystal Cascades, 
but the discharge measurements are from the recorder 
at the Copperlode dam site further upstream. It was 
assumed that the water quality did not vary between 
Copperlode and the intakes, and results of analyses 
were used to calculate the rate of denudation of the 
catchment above Copperlode . 
Results from Freshwater Creek . 
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The forestry activity 
resulted in some occasional high suspended sediment 
loads. In the flood flow following heavy rains from 
cyclone "Dora" on 4th February 1964 the rate of 
removal of suspended sediment was 321 . 47 m3/ km2/ yr 
and the concentration of suspended sediment was 60 
mg/ 1 . This concentration was exceeded by that after 
a heavy thunderstorm on 3rd January 1964 when 140 mg/1 
of solid matter was found in the stream . These high 
sediment loads occurred shortly after a new forestry 
road had been put into the catchment over the Whitfield 
Range . 
Flaggy CreP.k (sta 18) . This left bank tributary of 
the Barron rises within a few kilometres of the coast 
near the summit of the Kuranda- Black iVIountain range. 
It has a most contorted meandering course on the low 
relief around Mona Mona, before becoming more incised 
before it ente~ ' the Barron above Kuranda . The 
sampling station is near the head of the Creek, close 
to the summit level of the range, in an area of rain 
forest with some glades of sclerophyll forest . Th e 
catchment consists entirely of metamorphic rocks on 
which deep podzolic sandy soils have developed , the 
bed material at station 18 cons isting entirely of 
fine sand derived from these soils. 
The abundance of fine 
sand in the channel at Flaggy Creek provides ample 
material to enter suspension and the suspended 
sediment concentration is always more than 5 mg/ 1 
even at quite low discharges . The river water has 
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has a noticeably high sodium shloride content with an 
Na:Cl ratio of 0 . 81 an Na : Ca ratio of 6 . 10 and a 
Cl : Ca ratio of 7 . 85. This high proportion of sodium 
chloride may be due to accession of salts from 
precipitation as there is no obstruction between the 
highest point of the catchment and the Coral Sea . 
Barron River . ( sta 7 and 8 ) The head of the Barron 
River is high in the basalt country of the Atherton 
Tableland, near the Hugh Nelson Range . A few kilo-
metres below the source the river enters the granite 
rocks at the foot of the eastern slope of the 
Herberton Range which forms the divide between the 
Barron and Herbert drainage basins. Station 8 is 
just above the point where the river leaves the basalt 
to traverse the Dinner Falls over granite close to 
the Hypipamee Crater . At the gauging station the 
stream bed is covered with basalt fragments and 
surrounded by rain forest vegeta tion. Most of the 
catchment above this point is still under rain forest , 
albeit secondary regrowth in some places, while the 
remainder of this headwater area is under sown pastures . 
Above Picnic Crossing (sta 7) the Barron 
drains an area of largely cleared basalt country, and 
also partly rain forested, partly sclerophyll woodland 
country on the granites of the Herberton Range . 
Maize cultivation and the activity of dairy cattle 
have reduced the stability of the catchment by 
exposing soil to raindrop erosion (plate 9) . At 
Picnic Crossing the river flows through a constricted 
passage over a basalt bar (plates 13 and 14) . 
A Leupold-Stevens recorder is install ed here9 but 
great turbulence at high flows makes accurate reading 
1 51 
of the staff gauge difficult. Recorder charts also 
show marked oscillations resulting from this turbulence. 
Results from the Barron River. This catchment was 
studied much more closely than any other, partly to 
obtain information on the daily changes in the solute 
and suspended sediment load of a river, and partly to 
try to assess the behaviour of different parts of a 
catchment. During the period from 9th November 1964 
to 26th January 1965 daily samples were taken at 
station 7, with sample collection at 12-hourly intervals 
when river stage was fluctuating rapidly. The 
denudation rates corresponding to the daily mean 
discharges have been plotted on the hydrograph in 
fig 34. During the flood flow associated with cyclone 
"Flora" (7th to 10th December 1964), the peak rate of 
suspended sediment discharge occurred shortly before 
the peak water discharge, with the peak solute discharge 
following shortly after the maximum water discharge. 
This follows the sequence of events recognised by 
Hjulstrom (1935, p . 434) for the successive peaks of 
suspended sediment content, maximum water stage and 
maximum solute concentration duri~g a rain period . 
Comparisons between the headwaters of the 
barron River at the Crater (sta 8), and the main 
stream at Picnic Crossing (sta 7) show that peak 
flows on the main river carry much more sediment than 
equivalent flows on the headwaters. Following 
cyclone "Flora" on 7th December 1964, a discharge of 
0.07 m3/km2/sec occurred at station 8, with an 
associated rate of denudation of 38.56 m3/km2/year . 
A similar discharge at station 7, on the same date, 
carried material downstream at a rate of 115.96 m3/km2/year . 
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The greater amount of sediment removed per unit area 
from the larger part of the catchment cannot be 
explained as entirely the result of the thinner 
vegetation cover on the granites in the western third 
of the catchment . Much of the sediment load is 
supplied direct from ploughed fields, by water erosion 
between rows of young maize plants, and from the 
undercutting of steep stream banks in the pastures 
of the steeper parts of the basalt area of the 
catchment . 
Field determinations of specific conductivity 
and silica in solution were made on most tributaries 
of the Barron above Picnic Crossing . The results 
plotted on fig 35 show that while the western streams 
draining granite areas have lower specific conductivities 
(i . e . lower dissolved solids concentrations), they 
have higher concentrations of dissolved silica than 
the streams draining basalt areas in the western part 
of the catchment . 
There is no difference in the silica concen-
trations at stations 7 and 8, but comparison of samples 
collected on the same day always show that the 
concentrations of all other solutes, except potassium , 
are greater at station 7 . The increase in hardness 
and calcium and magnesium concentrations between the 
t wo stations is particularly marked. The calcium and 
magn~aium are dissolved out of the basalt, the soil 
analyses in table 14 indicating the loss of these 
soluble bases from the surface layers of basalt~ 
derived soils . The greater concentrations at the 
downstre.:un station could be due to concentration by 
evaporation, but as the concentrations were found to 
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be higher even at peak discharge under wet conditions 
when evaporation was negligible, the most probable 
source of the higher calcium and magnes ium concentra-
tions is the longer passage of water through the soil, 
and as groundwater through the basalt, in the larger 
catchment. 
The behaviour of potassium in solution in 
the waters at these two stat ions is particularly 
interesting . Although Hem (1959, p . 91) suggests 
that in waters low in dissolved solids, the proportion 
of potassium to sodium may be nearly 1:1, the potassium 
concentrations in all the Barron River samples are 
less than half the sodium concentrations . Further-
more, when discharge increases, dilution of the 
dissolved solids concentration occurs, but the 
potassium concentrations increase. This apparently 
anomalous behaviour of potassium arises from its 
tendency to be lost from solution by adsorption . 
If the potassium in the soil waters i s adsorbed into 
clays during dry periods, subsequent disturbance of 
the surface of the soil by storms and the carriage 
of sus pended particles into stream channels could 
provo ke the re-entry into solution of potassium, 
and t hus produce these higher concentrations at 
flood flo ws . 
The dilution of the solute concentration 
of the river waters following heavy rains is less 
marked in respect of the sodium concentration than in 
the calcium and magnesium concentrations . The 
averag e sodium concentration at station 7 is 5 .57 
ppm, and a t station 8, 4 . 94 . At the peak flows 
associated with cyclone "Flora", the concentrations 
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were 4 . 46 and 3 . 91 re spectively, about 80 per cent of 
the mean concentrations . Calcium and magnesium con-
centrations during flood flows were less than 50 per 
cent of the average . Much sodium in river waters 
is cyclic salt brought down in rainfall . Thus if 
there is a constan t concentration of sodium in rain-
wa ter , t he direct runoff of rainwater into stream 
channels would provide a constant source of sodium 
to river waters . However , a rainfall sample 
collected on the Herberton Range just west of the 
Barron Catchment during the period of rain associated 
with cyclone "Flora" had much lower concentrations 
of sodium than t he average concentration of other 
rainfall samples from the same locality. It seems 
to be a general rule that the first few minutes of 
rain clear the atmosphere of solutes, and have higher 
concentrations of dissolved matter than the rain 
falling lat er in t he storm . The supply of sodium 
from rainfall would therefore not seem to explain 
this small dilution of sodium as a result of increased 
runoff . Sodium may be temporarily adsorbed on to 
clay and released during storm runoff in a manner 
similar to but not as effective as potassium. 
pH values of the Barron River waters depend 
on discharge and temperature. During flood flows , 
the pH of waters at station 8 went down to 6 . 5 , 
whereas the average value was 6.9. At station 7 pH 
values similarly declined from an average of 7 .1 to 6.5 
at flood :r--. - .-:3 . Samples at station 8 were usually 
collected betwe en 0600 and 0900 hours, but some were 
collected after 1200 hours . Water temperature s 
measured in t he afternoon were always 1 to 4 degrees 
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centigrade higher than those measured at the normal 
sampling time , save at high flows when the temperature 
remained much more constant. pH varied with 
temperature, being between 6 . 7 and 7.0 in the morning 
when the temperature of the water was between 19 and 
23°C ., and between 7 . 1 and 7 . 5 in the afternoon when 
temperatures ranged from 24 to 27°c . Thus although 
the dilution of solute concentration by flood waters 
causes a lowering of pH, there is also a considerable 
fluctuation of pH around neutral at low flows as a 
result of diurnal temperature changes . 
The basic behaviour of the Barron River 
waters at stations 7 and 8 is similar. The greater 
solute load at the downstream station is thought to 
be due mainly to natural causes, particularly to the 
greater underground circulation of water in the basalt 
of the larger catchment . The greater sediment load 
carried past station 7 is, however, mainly the result 
of agricultural practices which have increased the 
erodibility of parts of the larger catchment . 
Mugrave River 
Behana Creek. (sta 5 and 20) Rising high on the 
western slopes of the Bellenden Ker Massif, this 
creek drains some of the wettest rain forest country 
in Australia. The highest parts of the catchment 
are on granite, although metamorphic rocks outcrop in 
the lower areas between Bellenden Ker and Walsh Pyramid . 
The higher sampling station 20 is at the Cairns City 
Water Supply Intake above Vv'hite ' s Falls . Practically 
all the catchment above this point is under rain forest, 
although some sclerophyll associations occur on 
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metamorphic rocks close to the falls (plate 15) . The 
area of sclerophyll vegetation below the falls is 
more extensive, and most of the alluvial area beyond 
the ranges has been cleared and is cultivated for 
sugar cane . Station 5 is in the alluvial Mulgrave-
Russell lowland, the stream bed lyi ng some 25 metres 
below the general level of the plain, with two lower 
terraces at 10 m and 6 . 5 m above river level analogous 
to those described in Chapter Four. The s t ream bed 
is covered with sand size fragments dominated by 
coarse quartz grains . Vegetated gravelly sand bars 
in the middle of the channel are covered by flood 
waters (plate 16). Fluctuations of river stage at 
this point are particularly rapid, and it is regrettable 
that the only stream flow records are based on a 
daily read staff gauge, even though observations are 
made more frequently during floods. The highest 
recorded flood is eight metres, which suggests that 
the lowest terrace represents the level flooded at 
bankfull discharge. 
Results from Behana Creek . Although the runoff at 
station 5 exceeds 2 x 106m3/km2/year, the hydrograph 
(Fig 36) rises and falls very rapidly with consequent 
wide variations in suspended sediment load in short 
periods of time. Although never very high, suspended 
sediment concentrations begin to exceed the dissolved 
solids concentration at a mean di s charge of 0.1 
m
3/km2/sec which is exceeded 19% of the time . 
Individual events have threshold values varying 
widely from this value with the effects of rising 
and falling stages of flood blows being particularly 
evident . 
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A sample taken at 1000 hours when the flow 
was 0 . 109 m3/ km 2/sec had a suspended sediment concen-
tration of 35 mg/ 1 , but a second sample taken at 1305 
hours on the same day when the discharge was 0.120 
m
3/ km2/sec had a suspended sediment concentration of 
only 19 mg/1. These two observations sampled two 
rises oJ the river, resulting from two short intense 
thunderstorm rains over the Bellenden Ker Range . 
The first storm flow down the channel acted as a 
flushing mechanism , picking up debris, and leaving 
less readily transported material for the second storm . 
Even though the suspended sediment concentrations are 
never very high, the frequency of high rates of run 
off means that a large volume of material is removed 
in suspension. 
The chemical composition of Behana Creek 
waters varies little between station 20 and station 5, 
despite the greater proportion of metamorphic rocks, 
and the large area of alluvium, partly derived from 
the metamorphics, in the catchment above station 5. 
This is probably because the bulk of the water flowing 
past station 5 is derived from the high country above 
station 20 , as the rainfall to the north of the 
Bellenden Ker Range decreases rapidly to less than 
2500 mm per year . The river is flowing too rapidly 
through a well- shaded channel for solute concentrations 
to increase through evaporation loss of water between 
the two stations . 
Campbell Cre.~ . ( sta 19). This catchment developed 
entirely on the granites of the Malbon Thompson Range 
descends 1 ;000 m from the summit of the range to the 
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Mulgrave River in less than 4 km. The steep slopes 
of the range are covered with rain forest, but bare 
rock occurs where the slopes become almost vertical . 
At the sampling station the Creek is incised below 
the level of the Mulgrave- Russell plain , and the deep 
channel is covered wi th fine silt and clay. 
Results from Campbell Creek. Despite the fine bed 
material the concentration ofruspended sediment when 
the discharge was 0 . 4 m3/km2/ sec following the heavy 
rains of cyclone "Dora" on 5th February 1964 was 
only 30 mg/1 equivalent to a suspended sediment 
removal rate of 70.54 m3/k:m2/ yr. At low flows when 
the creek is partially backed up by the waters of 
the Mulgrave , there is much organic matter in 
suspension at the sampling station. 
Dissolved solids concentrations in Campbell 
Creek water are higher than those of Behana Creek 
water at similar discharges even though both catchments 
have similar lithology and vegeta tion . However , the 
ions are present in roughly the same proportions, the 
Na : Cl , Ca : Cl and Na : Ca ratios in Behana Creek water 
at Station 5 being 0 . 77, 0 . 14, 5 . 52 respectively and 
those in Campbell Creek water 0.77, 0.12 and 6 . 60 
respectively . 
.H~_r_qert River 
Wild River . (sta 12 , 23 and 24) The head of the 
Wild River proper is on the western side of the 
Herb erton Range, . E of the town of Herberton . 
Only a small part of this granitic and rhyoliti c 
country is covered with rain forest the majority of 
which fall s within the catchment of the North Branch 
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of the Wild. Th i s s tream was sampled at Moomin 
( sta 23), jus t above the junction with the south 
branch which was also sampled (sta 24) to provide 
comparable data from a stream draining sclerophyll 
vegetation. At the sampling stations the streams 
are flo wing over small cobble size fragments of 
porphyritic and granitic rocks derived from the 
Herberton Range. When in flood the river spreads 
over a wide area covered with light sclerophyll 
vegetation . 
Downstream from Moomin, the Wild flows 
through the old mining a rea of the Herberton tinfield 
collecting tributaries from the west, such as the Dry 
River (plates 17 and 18), which drain rugged country 
containing a variety of igneous, metamorphic and 
sedimentary rocks which have been affected by mining 
activity. At the recorder (sta 9) the Wild has a 
wide sandy bed, partly exposed at low flows, but flood 
flows cover much of the vege t ated banks (plates 19, 20 
and 21). 
ResuJts from the Wild River 
The Wild at all three stations is dry for 
part of the year . Runoff in the catchment is extremely 
irregular with over 94% of the suspended sediment 
load at stat ion 12 being removed by flows which occur 
less than 12% of the time. Unfortunately no samples 
could be collected from sta tions 23 and 24 at high 
flows as a ford on the access road became impassable 
in flood periods, and therefore no comparable suspended 
sediment data e re available from the headwaters. 
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The big difference in the chemical quality 
of the water of the headwaters and that passing 
station 12 is evident from these ionic ratios : 
Ionic Ratio Station 23 Station 24 Station 
Na : Cl 0 . 81 0 . 84 0 . 95 
Ca : C1 0.06 0.07 0.47 
Na :Ca 13 . 10 12 . 30 2 . 05 
Although there is little difference in the 
quality of the water passing stations 23 and 24, the 
North Branch (sta 23) has a higher rate of removal 
of dissolved matter than the South Branch and thus 
showing that the rate of chemical denudation is a 
partially rain forest covered catchment exceeds that 
of an adjacent catchment almost entirely under 
sclerophyll vegetation . Comparison of the chemical 
denudation rates of all three Wild River stations on 
4th and 19th December 1964 shows the following:-
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Station 23 Station 24 Station 12 
4/12/64 4 . 40 m3 /krn2 /yr 1 . 1 2 m3 /lan2 /yr O. 32 m3 /km2/yr 
19/12/64 8 . 71 II 6 . 61 II 1.58 II 
which indicate the importance of these head water 
streams on the eastern side of the catchment in the 
total solute removal from the catchment above station 12. 
The Millstream . ( sta 10 and 11 ) Rising on the rain 
forest covered slopes of the Hugh Nelson Range, this 
river drains a large area of porphyritic rocks before 
flowing on to the basalts . Station 10 is sited at 
the point where the river begins to flow back on to 
porphyry after crossing a narrow portion of basalt . 
This lithologic change is marked by a transition from 
rain forest to wet sclerophyll vegetation . As the 
rainfall decreases rapidly west of the Hugh Nelson 
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Range , edaphic factors begin to become significant in 
the distribution of rain forest . At the sampling 
station, the Millstream is flowing over a rock bar. 
Downstream from station 10 the Millstream 
enters drier country, containing both porphyritic and 
basaltic rocks, with mainly open forest vegetation. 
Some of the basalt soils have been cleared and are 
~"\I\. "-- 1,.-l \ -"'\. 
cultivated for potatoes, thus J?-I:9Vidin@ S:i'l e~111e111·u-i.~~ 
f~ direct water action on exposed soils. At 
station 11, the river flowing over basalt bars in a 
deep channel with dense wet sclerophyll vegetation 
right down to the water ' s edge. 
Results from the Millstream . The distribution of 
rainfall over this catchment is more varied than over 
the Barron catchment. Rainfall on the Hugh Nelson 
Range on the eastern divide of the Millstream catchment 
is over 2,500 mm per year, but on the western divide 
it is only about 1,000 mm. Considerable variation in 
the behaviour of water passing stations 10 and 11 would 
therefore be expected, station 10 sampling water from 
the high rainfall area, and station 11 sampling water 
from both wet and dry parts of the catchment. 
The Hugh Nelson area has a particularly low 
sediment yield . The rate of denudation corresponding 
to a discharge of 0 . 08 m3/km2/sec (approximately 
equivalent to the flood flow from Cyclone "Flora") 
for the Millstream at Evelyn Highway (sta 10) was 
34 m3/ kn1 2/year , whereas that for the same discharge at 
Ravenshoe (sta 11) is 95 m3/km2/year. This difference 
is mainly due to the larger concentration of suspended 
sediment at Station 11, which results from the less 
effective vegetation cover in the western part of the 
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catchment, and from agricultural activity on the basalt 
soils between the two stations. The average chemical 
compositions of water samples from the two stations are 
similar, but concentrations are higher at the lower 
station. In particular calcium and magnesium concen-
trations are greater at Station 11, a result of the 
larger portion of t~at ca tchment on basalt. The 
slightly acid pH values (average 6.3 at sta 10 and 
6.6 at sta 11) reflect the acid Glen Gordon Volcanics 
which outcrop over most of the eas tern part of the 
catchment . 
Tully River 
Canabullen Creek. (sta 13) The headwaters of the 
major northern tributary of the Tully , Cochable Creek, 
are sampled on Canabullen Creek which drains an area 
of basalt and rhyolite covered with rain forest. 
Cobble size fragments of basalt and rhyolite which 
cover the bed at the sampling station (plate 22) were 
moved during a flood flow associated with cyclone 
"Flora" in December 1964. Dense rain forest vegetation 
surrounds the stream channel and forms a canopy over it. 
Results from Canabullen Creek. The highest concentration 
of suspended sediment sampled was 19 mg/1 at a discharge 
of 0.02 m3/km2/sec. At the highest discharge gauged, 
.., 2 0.03 mJ/km /sec, the suspended sediment concentration 
was only 2 mg/1 but this gauging was made on the 
falling stage after the flood following cyclone "Flora" 
on 7tr December 1964. 
The chemistry of the water is affected by the 
two rock types of the catchment . With Na :Cl , Ca : Cl and 
Na:Ca ratio s of 0.76, 0.18 and 4 . 24 Canabullen Creek 
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water has a srnall·er proportion of calcium than Barron 
River water at station 8 which has Na :Cl, Ca : Cl and 
Na : Ca rations of 0.78, 0 . 26 and 3 . 00 respectively . 
As rhyolite contains less calcium than basalt this 
greater proportion of calcium in the catchment 
entirely on basalt is to be expected . 
Nitchaga Creek . (sta 14) . Unlike the rest of the 
Tully Basin which is covered with rain forest, this 
catchment has wet sclerophyll vegetation on its granitic 
and porphyritic rocks . The bar over which the creek 
flows at the daily read staff gauge is exposed at low 
flows but covered to a depth of 5 metres at flood flows . 
Results from Nitchaga Creek . Rapid rises to flood 
flows occur after heavy rains over this catchment and 
the local gauge reader reports that high sediment loads 
are carried . As the range of discharges sampled did 
not include any high flows, an assessment of the 
sediment load was not possible . The chemical quality 
of the water is similar to that of other streams 
draining granite and porphyry beyond the western margin 
of the rain forest with a high Na:Ca ratio and a Ca :Cl 
ratio of less than 0 . 10. 
Mos~~an River (sta 15 and 16) 
The rain forested granite mass of the Mo ssman 
Range is inadequately mapped , but the steep headwaters 
of the Mossm~n running parallel to the main axis of 
the range collecting several steep short tributaries 
are clearly shown on air photographs . The shape of 
the basin is such that runoff is rapid and the river is 
very fast flowing . At station 15, above the 
aboriginal mission, the Mossman is flowing over large 
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granite core stones which have been dumped into the 
stream bed from the weathered regolith and are 
gradually rounded through loss of material due to 
intergranular solution (plate 23). 
surrounds the channel . 
Rain forest 
Downstream the Mossman flows through the 
coastal plain , most of which is cultivated for sugar 
cane, and at station 16, by the Daintree road bridge, 
has a sandy bed carrying quartz grains derived from 
the granites upstream . The channel is about 8 metres 
below the level of the plain, but extreme flood flows 
would overtop the banks. Within the channel there 
is a lower terrace, about 4 metres higher than the low 
flow river level. Grass covered sandbanks at lower 
levels are frequently covered by high flows. 
Results from the Mossman River . The few samples 
collected at stations 15 and 16 provide comparative 
data from a situation similar to that on Behana Creek. 
Again there is very little difference in the chemical 
quality of the water at the two stations . The 
concentrations of solutes in the Mossman waters are 
also very similar to those in the Behana waters, 
except for a slightly higher calcium concentration . 
Ru~~ell River 
Norjh Babi~da Creek. (sta 9) This creek which 
drains rain forested granite and metamorphic rocks 
on the slopes of Bartle Frere and Bellenden Ker has 
an annual uepth of runoff exceeding 1600 mm per year 
which is probably one of the greatest runoff depths 
in tropical Australia . At the gauging station the 
creek flows over alluvial deposits containing boulders 
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derived from the Barron River Metamorphics (plate 24). 
These large fragments do not appear to be moved by any 
flood flows at the present time. Between the large 
boulders, and often wedged beneath larger fragments 
are gravel and sand sized fragments which may be 
transported when t urbul ence is suff icient to dislodge 
them . Rain forest comes r i ght to the water's edge 
and flood flows drown the bases of riparian trees. 
Results from North Babinda Creek. Discharges sampled 
at this station range from 0 .01 to 1 .5 m3/1an2/sec with 
a corresponding range of suspended sediment concentrations 
from Oto 80 mg/1 . The discharge of 1.5 m3/1an2/sec 
was the highest sampled at any station in NE Queensland . 
The corresponding rates of removal of dissolved and 
suspended matter of 600 . 54 and 1448.35 m3/1an2/year are 
exceptionally high . The recurrence interval of such 
discharges on Behana Creek would be 0.5% of the time 
or slightly more than once a year . As neighbouring 
streams were less turbid at t he time these high rates 
of denuda tion were observed it is thought that the 
high sediment concentration may have been due to some 
phenomenon such as a minor landslip or the uprooting 
of a few trees which would recur less frequently than 
0 . 5% of the time. 
The average total dissolved solids concentra-
tion is only 33 ppm . The only station with a lower 
average concentration being station 20 at White's 
Falls on Behana Creek. The chemical composition of 
the water is very similar to t h t of Behana Creek at 
station 5 with Na:C l , Ca:Cl and Na : Ca ratios of 0.72, 
0.14 and 5.19 respectively. 
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North Johnstone · River 
Douglas Creek. (sta 22) Typical of many of the small 
streams draining basalt in the rain forest~ of the 
upper Palmerston area , this creek is almost concealed 
by dense vegetation . 
clay sized material . 
It transports sand, silt and 
Results from Douglas Creek . The chemistry of water 
from this creek is notable for the high average con-
centration of silica of 11 ppm which exceeds that of 
any other stream draining basalt areas. The proportion 
of calcium to sodium and chloride is also greater than 
in other creeks draining basalt, such as the ~arron at 
The Na : Ca and Ca:Cl ratios in Douglas 
Creek are 1 .28 and 0 . 64 respectively compared with 
equivalent ratios of 3 . 00 and 0.26 at station 8 . 
Suspended sediment concentrations ranging from Oto 20 
mg/1 were observed although no high discharges were 
sampled. These observations indicate that a considerable 
amount of clay particles from the banks and bed of the 
stream may enter suspension during turbulent flows. 
Bed load transport on the other hand would form a very 
minor portion of the total sediment transport . 
Joyce Creek . (sta 21) This small creek drains part of 
the eastern, seaward slope of the rain forest covered 
Soymour Range, which consists of metamorphic rocks . 
The stream has no flows in dry periods in the summer 
when evaporation is high , but, at the gauging station 
becomes a wide sheet of water in flood flows , turning 
the jungle into a swamp . The vegetation forms an 
almost complete canopy over the stream , which has a 
bed of cobble size fragments of metamorphic material . 
These fragments may be moved at high discharges . 
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Results from Joyce Creek . As it is so affected by 
evaporation the water of Joyce Creek varies widely in 
chemical quality, as indicated by the wide range of 
total dissolved solids concentrations found in only 5 
samples (table 15) . The waters of Flaggy Creek (sta 18) 
and Joyce Creek differ in composition, the Na : Cl , 
Ca : C and Na : Ca ratios being 0 . 80 , 0 . 13 and 6.30 and 
0 . 59, 0 . 36 and 1 . 64 respectively, even though both 
catchments are developed on metamorphic rocks and 
covered with rain forest . 
At the low discharges observed very small 
suspended sediment loads were carried, but as the stream 
banks are composed of ill- sorted material ranging in 
size from clay to gravel it is thought that quite high 
rates of transport in suspension could occur at flood 
flows . 
Mitchell River 
Two tributaries of this major river which 
rises in the rain forests of the granite ranges near 
the east coast but drains into the Gulf of Carpentaria 
have been examined. 
Walsh River . (sta 6) The headwaters of this river drain 
rain forests on the granite Herberton Range SW of 
Atherton. The porous sandy soils of the catchment 
vary in thickness from 4 m near the flat summit of 
the range to about 1 min the vicinity of the sampl i ng 
station. The vegetation was disturbed by forestry 
activity during the period in which sampl es were 
collected and although under na tural conditions 
vegetation would have almost obscured the stream , 
timber extraction has opened up the canopy extensively . 
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At the sampling station the bed of the stream is 
covered by silty clay and organic debris . 
Results from the Walsh River . The chemical c omp osi-
tion of water in the Walsh ca tchment is si@ilar to that 
of Campbell Creek with Na: Cl, Ca: Ct and Na:Ca ratios 
of 0 . 66, 0 . 09 and 7 . 32 . The avere.ge pH val ue of 
6 . 0 is lowest of all the average pH values and the 
\falsh River is the only stream which had pH values less 
than 6 . 0 . Lower temperatures at this the highest 
sampling station could b e partly responsible for the 
low pH but large amount of rotting organic debris in 
the stream could also cause greater acidity . 
Although suspenued sediment concentrations 
varied from 1 to 32 mg/1 within the limited range of 
discha rges sampled , 0 . 01 to 0 . 08 m3/km2/ sec, most of 
this variation was due to organic matter which was 
found in samples at low flows . The concentration 
of suspended sediment at flood flows is probably less 
than 100 mg/1. 
small indeed . 
Bed load movement is probably very 
Mary River . (sta 17) Thi s river rises in the rain 
forests of the granite l· ossman Range and descends 
rapidly down the western flank of the range to the 
falls at the break of slope just below the r ain forest 
margin . Below the f alls the stream flows through the 
alluvial deposits of the pediment, beneath the trees 
of a galler~ forest which changes g radually downstream 
from a dominance of r ain forest types to hygrophilous 
sclerophyll typ es . The channel a t the gauging station 
is braided , with a minor channel 8 m wide having a 
co a rs e sand a nd g r c.vel bed about 1 . 5 m 1 ower than t he 
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vegetated floor of the 100 m wide major channel . Flood 
flO\vs may over top the banks of the major channel 8 m 
above the channel bed. 
Results from the Mary River . The water of the Mary 
River is siLlil a r in composition to th a t of the head-
waters of the h'ild at Moomin (stations 23 and 24) 
which also flow down the wes tern flanks of largely 
granite ranges into sclerophyll woodland . The Na: Cl, 
Ca : Cl and Na: Ca ratios of the Hary water are 0 . 76, 0 . 07 
and 11 . 10 differing considerably from those of the 
Mossman at station 15 on the wetter eastern flank of 
the range which are 0. 67, 0 . 15 and 4. 40 respectively . 
At a discharge of 0 . 027 m3/km2/sec the 
suspended sediment load of 8 . 35 m3/km2/year was 82% of 
the dissolved load at higher flows . The bed load which 
is largely composed of coarse sand fragments is mohile 
at discharges of only 0 . 01 m3/km2/sec which recur 
about 50% af the time . Streamflow velocities are high 
at the gauging station exceeding 0 . 5 m/sec on every 
occasion gaugings were made . The velocity near the 
stream bed, at 0.8 of the total stream depth measured 
from the surface, usually exceeded the velocity near 
the surface at 0.2 of the depth . At a discharge of 
0 . 0116 m3/km2/sec the median diameter of fragments 
moving in saltation was 1.38 cm, and at 0 . 0264m3/1rni2/sec, 
the median diameter was 1. 51 cm . Computation of the 
total sedim~nt discha rge using the modified Einstein 
procedure showed that the total sediment dischurge at 
a water discha rge of 0 . 027 m3/km2/sec was 16 . 15 
m3/1cm2/yr or 193% of the IJeasured suspended sediment 
discharge . This was the only creek in which the 
movement of bed ma terial \·tas seen and measured . 
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The only other NE Queensland stream in which bed load 
.novement was experienced was Behana Creek or sta 5 at 
discharges over 0 . 1 m3/1an2/sec . These are the only 
two stations on streams with predominantly sancl sized 
bed material. 
Concluding remarks on individual catchment studies 
The discussions of the material being 
removed from individual catchments has been punctuated 
by numerous references to special features of each 
catchment which make it behave differently from 
neighbouring catchments . At the same time however 
general features of stream behaviour in NE Queensland 
are apparent. The importance of the rapid rise and 
fall of streams following heavy rains, the effect of 
removal of vegetation on sediment yields and the 
differing rates of runoff under sclerophyll and rain 
forest vegetation are common to the whole area. 
However climate and its effect on vegetation intervene 
as was shown in the discussion of the chemical 
can.position of waters from granite catchments on the 
eastern and western sides of the main ranges . The 
importance of climate will emerge much more clearly 
from the study of the regressions of denudation rates on 
discharge which follows. 
COMPARISON BETWEEN CATCHMENTS - 1) DENUDATION 
RATES . 
Reg~sions of solute load against discharge 
The regressions of solute load against discharge 
for the 13 NE Queensland catchments studied in some detail 
are illustrated on figs 40 and 41 and the regression 
coefficients are listed in table 9. In general the 
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regression coefficients are less than unity) as solute 
concentration decreases with increasing discharge and 
the r ate of removal of material in solution does not 
increase as rapidly as the discharge. Three stations 
1, 3 and 6 , have regression coefficients greater than 
1 . 0 . At stations 3 and 6 these can be explained as 
arising from the limited r an ge of discharges sampled 
and the wide va riation in total dissolved solids 
concentrations found in the samples . At station 3 
the concentrations ranged from 40 to 54 ppm at discharges 
between 0 . 008 and 0 . 04 m3/km2/sec , and at station 6 
from 26 to 61 ppm at dis charges be t ween 0 . 01 and 0 . 05 
m
3/1an2/sec . Comparison of the dissolved solids 
concentrations anJ specific conductivities of these 
samples shows that total dissolved solids concentration 
frequently exceeds specific conductivity indicating that 
perhaps some colloidal matter may have been included 
in the solute content . 
At station 1 the dissolved solids concent ration 
at the highest discharge sampled, 0 . 13 m3/km2/sec, 
was determined as 74 ppm even though specific conduct -
ivity at 18°c was only 52 . 2 micr omhos, again 
indicating that colloidal matter probably passed 
through the filter and was 11easured as dissolved 
matter . Thus instead of the decrease in solute 
concentration with discharge increase which would be 
expected , similar concentrations were found in sample s 
talrnn at disch ..., rges one hundredth the magnitu<l e of 
the peak flow sampled . 
The slopes of the denudation/discharge reeressions 
are all very similar and close together (figs 40 and 41) . 
The streams with the highest concentrations of 
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dissolved matter (sta 1 and 12, table 15) have the 
highest rates of solute denudation at any given dis-
charge, whereas the streams with most dilute waters 
(st a 5 and 9) have the lowest solute denudation rates 
at any given discharge . 
Regressions of suspended load against discharge 
These regressions illustrated on figs 42 and 
43 show that normally the suspended setiment load 
increases more rapidly than the discharge and that the 
regression coefficients (table 9) are usually greater 
than unity. However on Canabullen Creek (sta 13) 
a low suspended sediment concentration of 2 mg/1 was 
measured a t the highest observed discharge (0 . 03 
m
3/km2/sec) and higher concentrations were observed at 
much lower discharges , for example 13 mg/1 at 0 . 002 
m
3/km2/sec, thus producing a regression coefficient 
less than unity . This anomalous regression coefficient 
would probably disappea r if a more ext ensive set of 
observations were to be made . 
The catchments with the steepest sediment 
load/discharge regressions are the Hills tream ( sta 11) , 
Barron (sta 7) and Freshwater (sta 4) . The first two 
catchments are affected by ploughing and exposure of 
bare soil between row crops, and Freshwater Creek 
catchment has been distnrbed by forestry road construct ion 
as described earlier in this chapter . The highe st 
suspended sediment load at any given discharge will 
be found in the Wild River at station 12 with the 
Barron (sta 7) yielding almost as much sediment at the 
same discha rge . The least potential suspended 
sediment loss a t any particular discharge would be 
expected in the rain forest covered catchment in the 
headwaters of Davies Creek (sta 3) . 
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The suspended sediment load/discharge 
regressions are much more varied than thos e for the 
dissolved load as is indicated by the correlation 
coefficient s antl their significance (tables 10 and 11) . 
This contrast arises because concentrations of solutes 
are wuch less variable than suspended sediment 
concen t ra.tions. The type of variations in suspended 
sediment load on the rising and falling stages of 
the hydrograph mentioned in Chapter Two is well 
illustrated by the behaviour of the Barron River 
(sta 7). On the rising stage of the flood of December 
1964, the Barron reached a discharge of 0 . 09705 m3/1an2/ 
s ec, at which the solute load was 76.557 m3/km2/yr and 
the suspended load 184.915 m3/km2/yr. At the same 
discharge on the falling stege, 60 hours later, the 
dissolved load was 60 .068 m3/km2/yr and the suspended 
load 48 . 290 m3/km2/yr . 
As the samples were collected less frequently 
from the other streams there is a tendency for suspended 
sediment concentrations to be biased towards the 
falling stages of the hydrograph as the rising stage 
is of much shorter duration . The regression 
coefficients are therefore probably smaller than those 
•t . ,Iv 
which would have been derived from Asyst ematic ? ail) , 01 
" .... ~h~J .. ..... '1 
mere=:frsqnoRt sampling suggested in Chapter One as the 
f\ 
best meth od of studying denudation rates . 
Regressions of the combined solute and suspended 
sediment load against discharge 
The regressions of the combined solute and 
suspended loads against discharge (Figs 44 and 45) 
are similar to the two other regressions but are more 
affected by the solute loac~ , as within the ranges of 
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discharges sampl·ed solute loads exceeded suspended 
sediment loads most of the time . On the two rivers 
with several observations of flood flows, the Wild 
(sta. 12) and Barron (sta 7), it was found that the 
curves plotted on log x log paper steep en when sus-
pended sediment load begins to exceed dissolved load 
as the rate of increase of suspended sediment load 
greatly exceeds the r a te of increase of dissolved load. 
Although this steepening of the regressions is not 
shown in figs 44 and 45, it has to be taken into 
account when the r a te of denud a tion over a period of 
time is calcula te~, and this was the reason why the 
solute and suspe nded sediment denudation rates were 
calculated separately . 
Comparison of the combined solute and sus-
pended sediment/discharge regressions by analysis of 
variance helped to discover whether any catchments 
differ greatly from other catchments in the amount of 
denudation which a storm of given intensity and 
precipitation effectiveness might cause . The results 
set out in t able 18 show that the differences are 
small . Stations 3 and 6 have so few samples collected 
over such a small r ange of discha rges that individual 
pairs of observations are so scattered that the 
regressions of each of these catchments are not 
significantly different from those of any other 
catchment . 
The Wild (sta 12) , Barron (sta 7) and 
Babinda Creek (sta 9) are among the catchments which 
show most difference from the other catchments . 
This statistical difference may be due to the wider 
ranges of discha rges sampled on these streams, and 
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thus to the better defi nition of the curves . The 
large number of ob s erva tions on the Earron (sta 7) 
which has a regre ssion with 96 degrees of freedom 
compared with 24 for the next most frequently sampled 
station is another factor causing a greater statistical 
difference between tha t catchment and the others . 
The differences between t he Vild River and the other 
catchments however represent the much higher 
susp ended sediment loads derived from that catchraent . 
The differences between regressions were 
g rouped in four ways to see whether area, lithology , 
ruggedness number of rainfall affected the denudation/ 
discharge rel a tionship . Lithology was t he only 
factor in which the differences between cater ents of 
one type were less than those between catchments of 
different types. Even when lithology appeared to 
cause differences, area also app eared to be a factor . 
Although the difference between the two largest 
catchments pa rtly developed on basalt was not 
significant, the regressions for bot 1 th es e catchments 
(sta 7 and 11) were signifi cantly different, at the 
10% level or hi gher, from the regressions of each of 
the three smaller catchments partly on basalt (sta 8 , 
10 and 13) . The differences between each of these 
three however were not significant . 
Although this analysis of the differences 
between the re g ressions for individual catchments 
indicated some significant differences and pointed 
to lithology as an important factor in these 
differences, the wid e va ri a tion in th e quality of 
data for the 13 catchments mad e it difficult to 
tell whether the differences were real or du e to 
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variations in the ¼uality of the data . The 
regression analysis was therefore not taken further, 
although with more extended observations it would 
undoubtedly be a very useful method of determining 
the effects of such factors as lithology, land use and 
catchment area on sediment yield . 
Calculation of the total solut e load 
The total solute load carried by nine of the 
NE Queensland rivers during 1963 and 1964 was calculated 
by the procedure employing the solute load/discharge 
regression and the fl ow duration curve which is 
described in Chapter Two . Approximate flow duration 
curves for ungauged catchments were derived from flow 
duration curves based on daily mean discharges for 
Freshwater Creek (sta 4), Behana Creek (sta 5) , Barron 
River (sta 7), Mills tream (sta 11), Wild River (sta 
12) , Nitchaga Creek (sta 14) , LJ ary River (sta 17) and 
Flaggy Creek at the recorder downstream of station 18 
(Figs 37 and 38) . 
The solutes brought into the catchments by 
precipitation had to be deducted from the gross 
quantity of solutes removed by the rivers . The 
average solute concentration of rain falling on the 
Cairns-Atherton Tableland area was taken as 4 ppm , the 
average solute concentration found in the 20 rainfall 
samples collected in the area. Applying this 
concentration to the r ainfall over the catchments 
during 1963 and 1964 the volume of solutes supplied 
per km2 was calcul a ted and deducted from the g ross 
solute load of the rivers . This approxima te result 
could be 0 rea tly imp roved if the difficulties which 
are discuss ed in Chapter Nine could be overcome . 
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Table 18 shows th a t t he t h ree high est solute 
denudation rates are in catchments (sta 9, 3 and 5) 
mentioned e a rlier as having low r a tes of denudation 
c ompar ed with other ca tchments a t any particul a r dis-
charge . Thus although the awount of solute s removed 
in a given volume of water from t h es e catchments is 
small, so much g reater are t he total volumes of \-later 
fl owing out of these catchments over a year tha t the 
total solute denudation r a tes exceed those of catch-
ments which ~ve hiGher solute concentrations . 
Cal cul at ion of the total sus·,1 ended sediment load 
The suspended sediment louds in t able 18 
were calculated in the same wey as the solute loads . 
No allowance has been made for the uruileasured suspended 
sediment load mentioned in Chapter Two, but this is 
included in the estimate of bed load . The highest 
suspended sediment loads are found in the rivers with 
greatest runoff and relativel y low concentrations of 
suspended sedi ment (sta 5 and 9) . Other catchments 
with high suspended sediment load s are those with 
extensive anthropic disturbance (sta 7 , 11 and 12) in 
which high concentrations of suspended sediment occur 
at high discharges . Smal 1 susp ended sediment 1 oa C. s 
are found in the s all headwater catchments where the 
vegetation has been l ittle disturbed , and in the dry 
catchment of Davi es Creek (st a 1 and 2) where human 
activity has not been as extensive as in the larger 
catchments whi ch receive similar rainfall . 
Estima tion of bed load and unmeasured suspended 
sediment load 
The difficulty of @easurin~ or estimating 
the r a te of transport of bed ma teri al in rivers was 
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discussed in Chapter Two. Apart from the calculations 
of total sediment transport in the two streams with 
sandy beds, Behana Creek (sta 5) and the Mary River 
(sta 17) mentioned above, the bed load and unmeasured 
suspended sediment load have been estimated from the 
nature and size of the bed material on the general 
basis of greatest bed load transport of sand sized 
material and least of large boulders. Where bed 
material is extremely ill-sorted, large boulders 
reduce the velocity of stream flow near the channel 
bed and thus restrict the movement of small particles. 
The estimated portion of the total solid load carried 
as bed load or unmeasured sediment load, expressed as 
a percentage of the measured suspended sediment load, 
varied from 20% in streams with sandy beds such as 
Behana Creek, Davies Creek and the Wild River (sta 5, 
1, 2, 3 and 12) to only 5% in the Millstream where it 
flows over a rock bar (sta 10). 
COMPARISON BETWEEN CATCHMENTS - 2) SIZE AND 
NATURE OF BED MATERIAL 
Size analyses of bed material were made to 
help determine the possibility of debris movement by 
flood flows and to examine the nature of material 
derived from different types of catchment. The 
analyses of the sand size fraction (table 16 and 
Fig 39) show both great variety and a general coarse-
ness, with median diameters in excess of 1mm, except 
for Flaggy Creek (sta 18). The poor sorting of the 
sand fraction is to be expected in the headwater 
streams where fragments have been transported only a 
short distance from their source in the weathering 
profile. The sorting of the sand-size fraction 
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is further distorted by the presence of larger 
fragments whose sizes grade into those of the sand 
fraction. If the grain size frequency curves were 
extended into higher negative phi values to include 
these coarser mate rials they would show a smooth 
transition into the pebble size grade. Fragments 
of the latter class were measu red in the field, 
the largest mean fil edian diameters being 8.20 cm 
(-9.73 phi) at station 9 and 5.92 cm (-9 . 23 phi) at 
station 13. 
The size, sorting, skewness and ku rtosis 
of the sand size fraction were grouped according to 
catchment lithology and the wean values were compared 
using Student's t test. The only significant 
difference to emerge was between the sorting of 
basalt and granite derived mate rial. Too many other 
factors such as channel slope and width were involved 
for the influence of lithology to be more apparent 
in the few catchments of each type for which data 
were avail able. The difficulty of comparison 
between rivers is increased by the range of grain 
sizes found in samples collected fro m the sane station 
at different times. The three samples from 
Canabullen Creek range in median diameter from - 4.30 
to -0.26 phi even though all samples were taken from 
similar positions in the minor low water channel . 
Although an adequate quantitative 
expression of the va riation of bed fila terial size in 
relation to streruu profile was not attempted, certain 
characteris tic features are apparent in the field. 
The most r ap id change in bed material size occurs 
where rivers emerJ e from the horsts on to the 
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alluvial plains of the coastal lowland grabens. 
Immediately below the falls is a reach of boulders with 
coarse pebble and sand debris which grades downstream 
into a section of finer waterial vdth less boulders, 
until the gradient is very slight and the bed is 
entirely covered with sand . This situation common 
to the l-1ossman , Freshwater, Behana and Babinda streams 
is also found on the inland sicle of the ranges in the 
Mary and \'/al sh Rivers. 
While in some rivers, such as Davies Creek 
( sta 1), the bed material is predominantly angular, 
in others, for example Babinda Creek (sta 9) it is 
rounded. This contrast may be due to the differing 
volumes of water acting on the bed illaterial, the wore 
rounded ms. terial resulting from the greater runoff and 
associated abrasion and solvent action in the wetter 
catchments, but on the other hand the rounded material 
may be derived from alluvial deposits laid down under 
different morphogenetic conditions, perhaps those 
under which the alluvial terraces of the coastal lowland 
described Chapter Four were deposited. 
CONCLUDING REiviARKS ON THE QUEENSLAND RESULTS 
Under natural conC. itions rates of denudation 
decrease with decreasing rainfall. \'/hilst suspended 
sediment removal is greatly increased by anthropic 
interference with natural ecosystems solute denudation 
varies chiefly \·dth the solubility of rocks in the 
catchments . 
Comparison between c a tchments is hampered 
by the small number of observations from any one 
catchment as a single anomalous result may bias 
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the data for the catchment concerned. Nevertheless 
the comparison of these NE Queensland ca tchments 
reveals both regional patterns of denudation and the 
variety of fluvial transport conditions within groups 
of apparently similar catchments . 
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CHAPTER SEVEN 
LOCAL AND REGIONAL SIGNIFICANCE OF RESULTS 
OF CATCH11ENT STUDIES IN SOUTH- EASTERN NEW 
SOUTH WALES 
As in the previous chapter, individual catch-
ments and local differences are considered here, 
providing the background information for broader 
compa r isons in Chapters Ei gh t, Nine and Ten . 
Fourteen of the 23 catchments list ed in table 
19 were t h e object of field measurements by the writer , 
ten of the 14 being sampled on more than ten occasions 
( sta 25- 27, 30- 31 and 34- 38) . Of the remaining 9 
catchments, one (sta 39) has been sample d by the 
Commonweal th Department of 1:/orks, Canberra , ACT and 
the others by the 3nowy i-iount ains Hydro - Electric 
Authority , Cooma North , New South Wales. The 
suspended sedime nt data for these eight catchments 
in the Snowy ~fo untains provide extended records of 
stream behaviour, the best being 282 sampl es from 
Yarrangobilly River at Hospital Fl a t coll ected between 
1956 and 1965 . These good records p rovide a che ck 
of the probable accuracy of the results from samples 
collected by the writer, whose best record for a New 
South Wal es river is 19 samples from Strike- a- light 
Creek collected between June 1964 and July 1965 . 
Chemical data are also available for stations 39, 44 
and 47, but are not sufficiently detailed for calcul-
ation of rates of solute denudation . 
Location of the catchments 
Five ca tchments (sta 25- 29) are situated 
in the Central Highlands- Illawarra district . Th e 
thr ee studied in detail (25- 27) are all small catch-
ment s on Tertiary Basalt cl ose to Rober t son . 
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Stations 28 and 29 are both gauging st a tions of the 
Water Conservation and Irrigation Commission of New 
Sou th Wal es and provide a means of checking the range 
of runoff conditions sampled at the three Robertson 
stations . Unfortunately, the only samples 
collected at st a tions 28 and 29 were obtained 
during the unusually dry period fro111 October 1964 to 
July 1965, and thus did not permit close comparisons 
of rates of denudation vdth the three Robertson 
catchments . All these streams dr ain to the Pacific 
Ocean, station 25 via the Nepean System, 26, 27 and 29 
via the Shoalhaven, and st a tion 28 via Lake Illawarra. 
All the remaining ca tchments, except the 
Snowy and Mowamba rive rs (st a tions 46 and 47), d rain 
into the l:iurray-Darling system. The Hurrumbidgee 
River is sampled in its montane headwaters above the 
Tantangara Reservoir (sta 41) . In the lower montane 
and tablel and tract, tributaries from the east are 
sampled a t st a tion 34 in t he Bredbo River catchment, 
and at stations 35 to 39 on the Queanbeyan - Molonglo 
syst em. The Cotter catchment draining the highlands 
of the Australian Capital Territory is sampled at 
station 33, and the neighbouring Goodradigbee catchment 
is sampled on three tributaries near Brindabella 
(sta 30-32). Further west, the headwaters of the 
Tumut River are sampled at stations 40, 42 and 43, 
these waters entering the Murrumbid gee above Gundagai . 
The headwaters of the Murray itself are sampled at 
stations 44 and 45 . 
The Snowy River, sampled in the alp ine trac t 
above Guthega Dam at station 46 , and its tributary , 
the Mowamba River (sta 47), drain to the Pacific Ocean 
east of Bass Strait . 
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RESULTS OF OBSERVATIONS IN INDIVIDUAL 
CATCHMENTS 
The basic field observations and analytical 
results are summarised in figs 46 to 49 in which the 
scatter of individual observa.tions and determinations 
of the rates of denudation of dissolved matter and 
suspended sediillent for each river is plotted separately . 
Robertson area 
Mi t tagong River . ( sta 25) This small catchment drains 
an area of Tertiary Basalt (see table 23) , weathered 
to form krasnozemic soils on the western side of the 
divide between the Nepean and Lake Illawarra drainage 
basins . The area was originally covered with rain 
forest, but only a few patches of re- growth remain . 
The majority of the catchment is under cirass, some of 
\Ji.ch is sown pasture, the furrows of the ploughed 
field being an important feature of the microrelief 
affecting surface runoff . The stream is merely a 
narrow channel at the foot of convexo- concave slopes , 
overgrown with reeds, and lined with silt too fine to 
be examined by sieve analysis . Surface runoff only 
occurs following storu rains, and base flow is derived 
from springs in the basalt . 
Results from Nittagong River . Although large 
quantities of material were moved down slope by 
storm rains and deposited as small alluvial fans wher e 
furrows reached the break of slope, the highest 
sediment concentration observed in the ihttagong 
river was only 10 mg/1 on 13th June 1964 , fol lowing 
275 mm rainfall i n 24 hours on 12th June, and a 
t otal of 550 mm in 3 days . This observation was 
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on the fallinb st ~ge, but the discharge of 0 . 596 
m
3/ km2/ sec was above bankfull stage . Higher sediment 
concentrations probably occurred during the rising 
stage, but the cohesiveness of the clay particles 
of the krasnoz emic soils, plus the general herbaceous 
cover of the catchment gives the area a go od resistance 
to raindrop erosion and erosion by turbulent overland 
flow . 
The chemical quality of the water(table 24) 
shows a dominance of calcium and magnesium ions over 
sodium and potassium ions, ~: ! ~g ratio of 1.10, but . 
an excess of sodium and chloride over calcium and 
. Ca+ Mg t· f O 54 magnesium, Na+ Cl ra 10 o •• This sodium chloride 
dominance may be due to the proxiwi ty of the sea, and 
the position of the catchment just on the western , 
landward side of the Illawarra escarpment liable to 
catch high oceanic spray and rain derived from the sea. 
Unfortunately no analyses of r a infall from the 
Robertson area are available to evaluate this possible 
source of sodium chloride . 
Save at extremely low discharges in the first 
six months of 1965 when concentration by evaporation 
would be high, concentrations of potassium were greater 
at high than low di scha:?.~ges . This feature common to 
the other two basalt catchments in this area was also 
noticed in the Barron catchment (sta 7 and 8) in NE 
Queensland (Chapter Six) . The concentrations of 
silica on the other hand were greatest at low flows , 
but were always small ranging from 1 to 3 ppm . 
Bed load movement in this swan stream is 
probably slight as mos t of the silt fro m the stream 
bed will be thrown into suspension by turbulent flood 
flows. 
186 
Johnston ' s Creek . ( sta 26) This catchment drains a 
larger area than the i,1 ittagong River but has basically 
similar features. Cultivation is more extensive in 
this catchment than in the Mittagong ca tchment, and 
storm runoff along furrows running down slope carries 
more sedime nt to the river . The concentration 
observed on 13th June, 17 mg/1 , was alightly more than 
that from the Mit tagong catchment despite a lower dis-
charge and the r a te of removal of suspended sediment was 
also higher. 
The bed material of Johnston ' s Creek is 
mainly of basalt fragments, de rived in part from an 
alluvial terrace of ill-sorted basalt deb ris into which 
the stream is incised at the sampling station . Frag-
ments as l 2rge as 20 cm median dianeter are eroded out 
of the terrace , but may not be moved by flood flows . 
Fragments as l arge as 10 cm were worked by the flood 
flows of June 1964 . Fine debris of sand and silt 
size , derived from erosion of arable land, is mainly 
carried in suspension by flood flows, but fills the 
space between coarse fragments at low flows . 
Results from Johnston ' s Creek . Concentrations and 
proportions of ions in Johnston's Creek are similar 
to those of the ~ittagong River (sta 25) , except for 
magnesium concentra ti ons which are higher than those 
of the Mittagong River of all discha rges save the 
peak discharge of 13th June 1964 . This high 
the Ca + Mg rati o magnesium concentrati?n increases Na  K 
to 1. 31 compared with 1. 10 at station 25 . 
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The Meadow Creek . (sta 27) This stream drains a 
larger area than the previous two streams, but the 
principal c h2. racteristics of the catchment and its 
behaviour are very similar . It carried more 
suspend ed sediment in the flood flow of June 1964, 
when an overbank flow of 0 . 5225 m3/km2/sec was sampled . 
The lowest kilometre of the channel above the sampling 
station is incised in the alluvial fill of a wide 
valley between basalt hills, and the suspended 
sediment load at flood flows may be derived from bank 
erosion . This creek has a higher f low in dry periods 
than the other two basalt catchments a t Robertson . 
The s ampling st a tion is at the point where the river 
passes from the alluvium over basalt on to the 
Wi anamat ta Shales, which probably rep resent an 
i mpe rme able layer (or less-perme able) beneath the 
basalt . There may thus be conside r able outflow of 
groundwater from the basalt a bove the s an pling station . 
Results from the Me~dow Creek . The chemical quality 
of the water is similar to that a t stations 25 and 26, 
except that calcium concentrations a re lower and the 
cominance of sodium chloride therefore greater . 
Macquarie Rivulet . (sta 28) This catchment borders 
the eastern edge of the Mittagong River catchwent . 
Ri s ing on the basalt at the summit of the Illawarra 
escarpment, this creek descends over waterfalls through 
rain forest to the base of the escarpmen t, crossing 
the varied Triassic and Permian sedimentary rocks 
en route (table 23) . The great relief of this 
small catchment means tha t runoff is extremely flashy , 
with a range recorded since 1949 from a discharge of 
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practically no flow to almost 14 m3/1an2/sec . The 
falls over the Hawkesbury Sandstone are in active 
recession and there is a considerable supply of debris 
to the stream channel . This debris may be rolled along 
some distance from the foot of the falls, and for three 
kilometres, from the base of the escarpment to the 
gauging station, the streau1 bed consists of coarse 
fragments up to 50 cm in diameter . The stream has 
shifted its channel within the coarse alluvium several 
times within living mewory, and may transport large 
quantities of material during floods . 
Results from the Macguc:., rie Rivulet . Un fortunately, 
it was not possible to obtain samples from this stream 
during flood flows, and therefore only the chemical 
quality of the water may be comp ~red with other catch -
ment s . Whereas most of the other streams discussed so 
far in this study drain igneous or ancient metamorphic 
rocks, the Macquarie Rivulet and the neighbouring 
Kangaroo River drain Late Palaozoic and Early Mes ozoic 
sedimentary rocks . Differences in the proportions of 
various ions might be expected frc the contrast in 
rock material . Although Macquarie Rivulet waters have 
higher Na:Ca and Cl:Ca ratios than the three basalt streams, 
the Mg:Ca ratio is smaller and thus the~:! ~g ratio is 
not very different from that of Johnston's Creek 
( sta 26) which has high Mg : Ca ratio. 
The observed total dissolved solids concen-
trations are much higher than those of the basalt streams , 
but runoff is less and the high concentrations probably 
result from evaporation . Silica concentrations however 
are similar offering some support to the suggestion by 
S. N. Davis (1964) tha t silica in st r eams frow igneous 
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rocks may be higher than that from sedimen ta.ry rocks . 
pH averages 7. 4 in contrast to the slightly acid pH 
values of the three basalt streams. 
7""k 'J{ .~ 
Kangaroo River . (s t a 29) lthough draining a much 
larger area than the Hacquc:. rie Rivulet, the KS:a@B: F-eo 
~"-S cl- ,i iv ,h ~----h.,h-v--" -
· on similar country . Cut 
off from the sea by the J amberoo highlands, it flows 
westwards and then south to the Shoalhaven, which then 
flows eastward to the Pacific Ocean. At the sampling 
station the riv~r is flowing over bars of shale 
(plate 25) and only a few pebbles derived from roc ks 
higher up stream are found among the local rock bars . 
The discharge of this stream is also subject to wide 
Jariations, the stream banks near the gauging station 
showing many si gns of slumping caused by erosion during 
exceptionally high discharges . 
Results from the Kangaroo River. Although derived 
from simil a r rocks to those of the Macqua rie catchment 
(sta 28) the waters of the Kangaroo River have ions in 
proportions similar to those of the t hree basalt 
catchments (sta 25, 26 and 27). The concentra tions 
of total dissolved solids in the four s amples 
collected at st c tion 29 were all less than those in 
the tv1 acquarie Rivulet on the same day . As all four 
samples were obtained at low flows the reason for the 
contrast is difficult to explain, but two possible 
causes are the greater proportion of the Macqua rie 
Catchment under rain forest, and the possible lower 
solubility of the Permian rocks which form a l a rger 
portion of the Kan garoo catchment . 
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Sil~ca concentrations on the other hand are 
higher in the Kangaroo River than in the other 4 streams 
in the area and again reflect the lithologic differences 
between this catchment and the others . 
Brindabel l a Area 
Brindabella Creek (sta 30) This creek drains part of 
the Ordovician sediments and rhyolites of the western 
flank of the Brindabella Range . It has a steep stream 
profile through successive belts of alpine woodland, 
wet sclerophyll and dry sclerophyll forest . The steep 
channel carries some very large fragments during 
exceptional floods, local inhabitants recall having 
seen blocks up to 50 cm diameter being moved . At the 
sampling station , the channel is slightly incised into 
a small alluvial flat and the bed material consists of 
fragments of rhyolite up to 20 cm diameter, with 
occasional considerably larger boulders (plate 1) . 
Results from Brindabella Creek. High suspended sediment 
concentrations hLve not been recorded , the highest , apart 
from an exceptional 27 mg/ 1 mainly consisting of 
organic watter in a sample collected at the extremely 
low discharge of 0 . 00001 m3/km2/sec , was 8 mg/1 at the 
highest sampled discha rge of 0 . 0552 m3/km2/sec . Thi s 
discharge was l a rgely the result of snow melt, and thus 
the catchment would not have been subjected to the 
intense raindrop action which is associated with summe r 
storms which produce the hi@1est discha rge known in the 
Cotter Catchment on the opposite side of the Brindabella 
Range . Considerably higher suspended sediment concen-
trations could therefore be expected as a result of 
summer storms . 
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The · chemical quality of the water varies 
widely from high to low flows, with a range of total 
dissolved solids concentration from 39 to 82 ppm . 
The Na : Ca ratio is almost unity but while calcium 
concentrations are higher than sodium concentrations 
at low flows , sodium exceeds calcium at high flows . 
I+, • j The Na : Cl ratio is 1. 76 in great contrast to ~th~ 
Robertson streams and the NE Queensland streams
1
which 
have Na: Cl ratios of 1.00 or less. The Ca:C1 ratio 
~o "r. 
of 1.83 is also very different from all the other 
streams described so far . which have Ca : C ratios of 
less than 1.00 . Silica concentrations average 6 ppm 
and exceed the concentrations of other individual ions 
in solution . Solute concentrations are greatly 
increased by evaporation in the summer . 
Bramina Creek . (sta 31 ) This catchment, developed on 
the opposite side of the Goodradigbee Valley from 
Brindabella Creek, drains rhyolite and sedimentary rocks 
at the northern end of the Fiery Range . It has less 
relative relief than Brindabella Creek, as there i s an 
area of less rugg ed country within the catchment at an 
altitude of 1,000 to 1,200 metres . At the sampling 
station the channel slope is quite steep, and high 
discharges are extremely turbulent (plate 26) . The 
bed material consists of pebble to sand size fragments 
of rhyolite and other resistant rocks derived from the 
Peppercorn Beds (table 25) . Indices of flatness and 
wear determined on 100 pebbles of 4 to 6 cm diameter 
averaged 2. 11 and 351 respectively, both of which are 
near the maximum limits quoted by Cailleux and Tricart 
( 1959, Table 41) for pebbles of similar material from 
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rivers in temperate climates . Large boulders over 
50 cm diameter are easily moved when the stream flow 
is sufficiently turbulent. As most fragments have 
high flatness indices, they tend to become imbricated. 
Results from Bramina Creek. Suspended sediment concen-
trations at high flows vary considern.bly, particula rly 
between those resulting from snow melt and those 
associated with storm rainfalls . Bank erosion may 
also be important in this fast-flowing turbulent 
stream, although most of the catchment has only skeletal 
soils and the channel is often incised into rock . 
The variation of suspended sediment concentration and 
suspended sediment load is illustrated by the following 
three observations: 
Date \fat er Discharge SusQended Sediment SusQended 
Concentration Sediment 
Load 
·3 2 
m /km /sec mg/1 m3/km2/year 
16/ 8/64 0 . 047 38 21. 43 
8/ 9/64 0 . 074 9 7. 93 
11/10/64 0 . 104 21 25 . 90 
Despite less than half the water discharge, the first 
event in the table transported nearly as much suspended 
sediment as the third event. 
The chemical composition of the water of 
Bramina Creek is similar to that of Brindabella Creek, 
reflecting the similar lithology of the two catchments, 
even though the rocks are of different ages . The same 
high Na:C l and Ca:Cl ratios are found but the average 
calcium concentra tion in Bramina Creek is less, 
probably because concentration by evaporation was not 
so effective as in Brindabella Creek . 
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Fl ea Creek . · ( st a 3 2 ) This steep wooded catchment 
is entirely developed on the acid Mountain Creek 
Volcanics (table 25) of the western flank of Hount 
Coree and adjacent ranges . At the sampling station 
the channel is fl owing over bed rock bars with reaches 
of bed armoured with imbricated flat pebbles froo 15 
to 25 cm in diameter between the rock outcrops . 
Results from Flea Creek. No samples were obtained 
at high flows and therefore the increase of susp ended 
sediment concentration with discharge is unmeasured. 
The chief feature of the chemical quality of Flea Creek 
water is the high Na: Cl ratio of 2 . 95 which is much 
higher than tha t of any other catchment studied . As 
the chloride concentrations do not differ from those 
in the other two creeks it is unlikely that the extra 
sodium is derived from precipitation and more probabl e 
that there is some special sodium source within the 
catchment. A wider range of samples would, however, 
be needed to be sure tha t this high sodium concentration 
is not due to peculiar behaviour of the solutes at 
extremely 1 ow flows . 
Condor Creek. (sta 33) Draining the eastern flank of 
the Brindabella Range, this creek is gauged by the 
Commonweal th Department of \·/o rks, and the flow 
duration curve for this station was used as an 
approximate regional flow duration curve to determine 
the frequencies of flows of various wa[;nitudes on the 
Goodradigbee tributaries studied near Brindabella. 
Daily mean discharges in 1963 and 1964 varied from 
0 . 001 m3/km2/sec to 0 . 520 m3/km2/sec. Instantaneous 
discharges considerably higher than this maximum rate 
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occurred following heavy thunderstorms in March 1964. 
Although the stream rises in alpine woodland and 
descends through wet sclerophyll forest, the lower 
part of the catchment has been planted with Pinus 
radiata and thus conditions differ somewhat from those 
on the west side of the range . In addition the bed 
rock of this catchment is the Ordovician sedimentary 
series of the Cotter Horst. The stream channel is 
well protected by vege tation, and contains pebbles of 
less than 10 cm diameter. 
Results from Condor Creek . Suspended sediment concen-
tration at high discharges are not as great as those 
of Bramina Creek at similar discharges. However as 
the highest fl ow for which a sample was obtained is 
exceeded more than 50 per cent of the time, an accurate 
study of suspended sediment is not possible. Turbidity 
samples, obtained by the Commonweal th Department of Works, 
provide an indication of the suspended sediment trans-
port in Condor Creek . The highest dis charge sampled 
by the Department of lo/arks is exceeded less than two 
per cent of the time, and yet at that discharge, the 
turbidity was only 15 ppm . Although this sample was 
taken on the falling stage, and although there is not 
necessarily a close relationship between the turbidity 
and the suspended sediment concentration , this low 
value, which is not exceeded at other discharges, does 
s mtcs t that in this catchment even at high flows 
suspended sediment concentrations are low. 
Solute concentrations in Condon Creek are also 
less than those at stations 30, 31 and 32. The Na: Cl 
and Ca:Cl ratios are smaller as the calcium concentration 
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is much less than in t he three other streams of the 
Brindabel la area. The Ca: Mg ratio of 0.67 is similar 
to that of Bramina Creek, 0 .86, which also drains a 
large area of sedimentary rocks . 
The lower concentrations of solutes may be 
pa rtly due to less evaporation loss from the channel 
in the more densely veget at ed Condor catchment, as 
total dissolved solids concent rations at higher flows 
in the winter months differ less fro m those of 
Bramina Creek than do the concentrations in summer 
months at low flows . The lower silica concentra tions, 
however, are due to the lithologic contrast between 
igneous and sedimentary rocks , as already noticed in 
the Robertson area. 
Bredbo Cat chment 
Strike-a-light Creek . ( st a 34) Draining the western 
flank of the granite Tinderry Range this catchment is 
in the northern p art of the Bredbo- Cooma rain shadow 
area, and thus has some of the characteristics 
associated with a rid areas, the mean annual rainfall at 
Bredbo, southwest of the catchment being 570 mm. The 
highest flow since 1956 was 1. 305 m3/km2/sec, but almost 
every year the flow dwindles to less than 0 . 0001 
m3/km2/sec . The highest flow s ampled was 0 . 2232 
m3/km2/sec, a discharge recurring about once a year . 
At the gauging station (Water Conserva tion and 
Irrigation Commission, New South Vales) the stream 
flows over a granite bar , but is also undercutting 
an alluvial bank canprised of material from at least 
two phases of valley infilling . Such alluvial fills 
occupy the catchment valleys right up into the head-
waters in the Tinderry Range, and the present erosional 
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phase is dissecting these fills and re-exposing the 
bedrock beneath them . The stream channel contains 
only coarse fragments and the fine material of the 
valley alluvium is carried out of the area as suspended 
sediment during flood flows (plates 27 and 28). 
Results from Strike- a-light Creek . High suspended 
sediment concentrations are found at high discharges, 
the highest determined being 2,786 mg/1, at a discharge 
of 0.2232 m3/km 2/sec with an associated denudation rate 
of 7,403 m3/km2/year. The contrasts in the material 
carried by this stream are demonstrated by the granulo-
metry of sediments from the low water channel, the 
flood channel and a deposit on the stream bank left 
after a flood flow: 
Grain size parameters (phi units) 
Q1 Md Q3 ( ' , I Ski KG 
Low water 
- 2.13 - 4. 46 - 5.57 1. 708 0. 497 0 . 691 
Flood channel 
- 1. 30 -2.20 - 3.52 1. 675 - 0. 077 1. 201 
Bank deposit 0 . 88 0 . 35 - 0 . 63 0.961 - 0.235 1. 069 
The deposits decrease in size from the minor channel to 
the bank deposit which consists of material carried in 
suspension during the flood . 
This creek has the highest average total 
dissolved solids concentration of any of the New South 
Wales st reams sampled . This is due in part to the 
concentration by evaporation at very low flows as 
occurred when a concentration of 143 ppm was found 
in a sample collected in i'-iarch 196 5 when the flow was 
only 0 . 000013 m3/1an2/sec . However, even at moderate 
flows concentrations are higher in Strike- a- light 
Creek waters than in those of the neighbouring 
Queanbeyan Catchment (stations 37 and 38) . The greater 
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concentrations of solutes are related to the soluble 
sedimentary rocks in the Strike-a-light Catchment which 
although containing prominent areas of granite is 
mainly developed on Ordovician and Silurian sedime~tary 
rocks includin5 some limestones in the headwaters near 
Jerangle . The high total hardness of samples 
collected at low flows is due to the high proportion 
of the total flow derived from these limestone areas . 
Silica concentrations are relatively low, being less 
than those found in the Queanbeyan catchment . This 
again, as at stations 33 and 28, shows low silica 
concentrations in waters from sedimentary rocks . 
Queanbeyan River 
Four stations in the headwaters of this 
river were examined closely, and additional information 
for the gauging station at Googong, downstream of the 
lowest station, was obtained from the Commonwealth 
Department of 1orks, Canberra . The Queanbeyan River 
collects wa ter from streams draining from the main 
divide, chiefly of granite rocks, to the east, and 
from the Ordovician sediments of the Tinderry area 
to the west, while along the main north - south axis of 
the valley itself are s mall pockets of Silurian 
sediments, including some limestones . The Anemb o and 
Sherlock River stations (35 and 36) represent streams 
from the main divide, whereas the Narongo (37) and 
Boolboolma (38) stations represent conditions in the 
main axis of the Queanbeyan River . Between Narongo 
and Googong, the river passes through an incised go r ge 
section in the Ordovician sediments, collecting waters 
from tributari es draining a large area which has been 
cleared fo r pa sture . 
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Although the Queanbeyan is only on the opposite 
side of the Tinderry Range to Strike- a- light Creek , 
valley fills are virtually absent. The only such 
deposits contain very coarse ill- sorted fragments with 
a L1 aximurn diameter of over 50cm, a great contrast to 
the s t ratified deposits of Strike-a- light Creek . 
Sherl ock River. (sta 35) This stream descen<.l s from 
the Ordovician sediments of the divide between the 
Queanbeyan andShoalhaven catchments through wooded 
granite hills . At the sampling station the channel 
is incised into a sandy alluvial valley fill and has a 
mobile sandy bed. This site is a short distance 
upstream of a road culvert which easily becomes 
blocked by branches and other debris during flood flows 
and some of the sand accumulation may be the result of 
this artificial obstruction. Moreover, granites 
upstream of the sampling station have weathered into 
coarse sand- sized particles, erosion of which provides 
an adequate supply of sand sized debris to the stream . 
Results from the Sherlock River . The River contributes 
more runoff per unit area than the other tributaries 
of the Queanbeyan above Narongo . For example the 
following observations were made on 29 August 1964: 
Station Discharge Sus12ended Sus12ended 
Sediment Sediment 
Cone en t ration Load 
m3/1cm 2/sec mg/1 m3/1cm 2/year 
34 Strike- a- light 0 . 01576 84 15 . 76 35 Sherlock 0 . 05197 29 17 . 95 36 Q' b ' n Anembo 0 . 02527 21 6 . 32 37 Q1 b 1 n Bool - 0.01341 23 3. 67 
boolma 
38 Q' b ' n Narongo 0 . 02636 25 7.85 
The importance of the contribution of the Sherlock River, 
which enters the Queanbeyan between Boolboolma and 
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Narongo, is evident from this table . It is also 
noticeable that the left bank tributaries entering 
the stream downstream of Anembo do not contribute 
as much as the streams coming off the main divide . 
Although the Sherlock River had the highest suspended 
sediment concentrations and load on 29 August 1964, 
at other times loads were greater at Anembo on the 
main stem of the Quean beyan River . For example, on 
12 September 1964, the suspended sediment load passing 
Anembo was 5.38 m3/km2/year and that on the Sherlock 
River was 4. 93 m3/1an2/year. 
The granite sands of the Sherlock River 
(Fig 50) are too coarse for the bed load transport to 
be calculated by the modified Einstein procedure, but 
are closer to a log- normal distribution than any other 
of the bed material samples from New South Wales rivers . 
Shifting of these sands during floods changes the form 
of the bed slightly . This sandy reach at the gauging 
station is however limited in extent, with a reach of 
rough cobble fragments downst ream and a channel on 
bedrock upstream. 
In chemical composition the water of the 
Sherlock River is similar to that of Bramina Creek 
(sta 31) which also drains igneous and Ordovician 
sediments. Calcium and magnesium concentrations are 
much less than those in Strike- a- light Creek . 
Queanbeyan River at Anembo . (sta 36) This river 
drains a c a tchment similar to that of the Sherlock 
River, but with a larger area of cle a red pasture land . 
At the gauging station the stream is incised into a 
coarse valley fill to a depth of about 1 metre . 
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Flood flows overtop this minor channel and flow over 
the grassy surface of this valley fill, 100 m wide . 
Slope deposits derived from the deep weathering of the 
granites grade into the valley fill, and where gullied 
are active sediment sources . 
Results fro m the Qu eanbeyan River at Jnembo . Suspended 
sediment loads from this catchment are similar to those 
from Sherlock River . Bed load movement however is very 
differc_ t . The coarse angular fragments have a centile 
median diameter of 25 cm and a mean median diameter of 
3. 8 cm . These particles do not for - a completely 
paved bed as found in Flea Creek (sta 32) or further 
downstream on the Queanbeyan at stations 37 and 38 . 
Between the large fragments are coarse sands and fine 
gravels . Smaller particles are probably thrown into 
suspension in flood flows and carried past the gauging 
station . 
The chemical quality of water at this station 
differs from that at station 35 by having a much greate r 
concentration of calcium and consequently higher 
Ca+ Mg , 
N K , Ca:Cl and Ca: Mg ratios. a+ .. This suggests a 
difference in the composition of the sedimentary rocks 
of the Sherlock catchment and this catchment despite 
the general similarity of the geologic units shown on 
the 1: 250 ,000 Canberra geologic map . 
Queanbeyan_Ittver at Boolboolma. (sta 37) The 
catchment above this point collects wa ters draining 
from both granite country of the main divide and drier 
areas east of the Tinderry range . Just above the 
gauging station the river emerges from a short gorge 
section and enters a wide valley partially filled with 
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coarse alluvial material . Erosion of this fill has 
resulted in a streaw bed armoured with coarse particles 
which are only removed when the type of situation 
described by Karolyi (1958) occurs : 
Flood waves resulting from storm rainfalls may 
set extremely large quantities of bed load in 
motion . Such flood waves when encountering 
stable top layers in the bed will tend to scour 
these . 0\1ing to the temporary resistance of 
the layer, there occurs a significant increase 
in tractive force as there is a deficiency in 
material to be transported. Upon reaching or 
exceeding the resistance of the top layer the 
excess tractive force results in sudden scour 
and deepening of the bed . This will be con-
tinued unti 1 equilibrium conditions between 
sediment transport and available energy are 
established. Such freshets may thus give rise 
to the sudden increase of bed-load transport . 
Results from the Queanbeyan River at Boolboolma . 
Runoff per unit area from the catchment above this 
point is less than that in the catchment above station 
36 and thus, al though total dissolved solids concentra-
tions are greater at st a tion 37, the rate of solute 
denudation of the catchment above station 36 is higher . 
Calcium and silica are the only solutes which have 
lower concentrations at station 37 than at station 36 . 
The lower calcium concentration is reflected in lower 
Ca : Mg, Ca:Cl , Ca: Na and i: ! ~g ratios at station 37. 
Suspended sediment concentrations are 
simil a r to those measured at station 36, but the 
lower runoff per unit area results in a lower rate of 
suspended sediment removal, for example on 12 September 
1964 the suspended sediment concentrations at stations 
36 and 37 were 19 and 26 mg/1 respectively but the 
discharges were 0 . 024 and 0.016 m3/km2/sec with sus-
pended sediment denudation r ates of 5 . 38 and 4 . 87 
m3/km2/yr respectively . 
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Queanbeyan River at Narongo. (sta 38) At this point 
the Queanbeyan River has received the waters of the 
Sherlock River as well as those which pass station 37 . 
The catchment has more cleared land than the three 
headwater areas, and there is greater diversity in 
lithology with both igneous and sedimentary rocks, 
including some Silurian limestones along the Narongo 
Fault . At the gauging station the river crosses the 
rock bar of Narongo Fault and begins to enter the gorge 
section through the Rocky Peak Horst . Immediately 
above the rock bar the bed is paved with imbricat ed 
flat pebbles which have a centile median diameter of 
28 cm, mean median diameter of 9.3 cm and a flatness 
index of 2.84 . 
The chemical composition of the water reflects 
the mixture of water from stations 35 and 37 . The 
suspended sediment concentrations are more varied but 
the rate of removal of suspended matter is usually less 
' 
than tha t at station 35 and more than that at station 37 . 
Queru1beyan River at Googong. (sta 39) Between 
station 38 and Googong the Queanbeyan passes through 
the gorge section and collects many tributaries draining 
sedimentary rocks to the west and Ballinafad Creek 
which drains a catchment similar to that of the 
Sherlock River . 
Results from the Queanbeyan River at Googong. 
The analyses supplied by the Commonwealth Department 
of l'/orks rel3te to samples collected in 1960 but are 
taken as comparable with those from samples collected 
further upstream in 1964 and 1965 as catchment conditions 
are unlikely to have changed . Suspended sediment 
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concentrations at ·discharges are g re ater at Googong 
than at Na rongo (sta 38) probably because the larger 
catchment is more affected by gully erosion than the 
area above Narongo. Dissolved solids data are not 
available for Googong but the mean specific conductivity 
increases from 73 . 5 to 105 . 0 micromhos between Narongo 
and Googong, indicating that t he tributaries draining 
the varied Ordovician and Silurian sediments above 
Googong bring water with a relatively high solute 
content into the river between stations 38 and 39 . 
Snowy tfount ains Catchments 
These eight catchments (stations 40 to 47) are 
the headwa ters of major streams which rise in the 
alpine or s ubalpine zone of the Snowy Mountains . 
Rainfall over these catchments ranges from a mean 
annual fall of 2290 mm over the Snowy catchment above 
Guthega Dam, to a fall of 690 mm over the lowamba 
catchment in the rain shadow on the eastern side of 
the mountains, only 25 km south of the Snowy catchment . 
Using the data supplied by the Snowy Mountains 
Hydro- Electric Authority, the suspended sediment rating 
curves were calculated for each ca tchment, and from 
flow duration curves, the mean annual suspended 
sediment load was calculated, (table 26) . There are 
considerable vari ations in the mean annual rates of 
suspended sediment removal which are not simply a 
result of g reater runoff in the wetter areas . 
Comparison of the maximum rates of sedi ment removal 
illus trates the contrasts between catchments: 
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Station River Discharge Percent of Rate of 
time flow Removal 
exceeded . SUS£ended 
sediment 
m3/km2/sec m3 /kni2 /year 
40 Yarrangobilly 0 . 16 0 . 8 502 . 8 
41 Murrumbidgee 0 .1 7 2 . 0 338 . 4 
42 Happy Jack ' s 0 . 11 4. 5 77 . 5 
43 Tumut o. 17 8 . 0 65 . 4 
44 .. ooma 0 . 26 1. 8 16 . 1 
45 Geehi 0.49 1 . 0 1,033.0 
46 Snowy 1. 57 0 . 5 634.4 
47 Mowamba 0 . 04 1. 4 16 . 7 
The four catchments with mean annual denudation rates of 
over 4 . 00 m3/km2/year are also the four with the highest 
observed denudation r at es . This suggests that these 
catchments have conditions which render them especially 
subject to loss of suspended sediment. 
Geehi Creek (sta 45) has both the highest 
mean annual r a te and highest observed rate of suspended 
sediment removal . The catchment is also the ruggedest, 
steepest and highest catchment (along with the Snowy 
sta 46) of those examined and has greater drainage 
density and relief than any of the other eight . These 
factors favour very rapid runoff and the deep slopes 
are less able to support protective vegetation than 
the more gentle slopes around the summit plateau in 
the Snowy catchment . 
The SnoW'J catchment itself has a complex 
history of human interference . Much of the original 
herbaceous vegetation was destroyed by grazing and bare 
soil patches have developed. Although grazing has 
been prohibited and soil conserva tion measures initiated, 
the effects of grazing are still felt . Costin and co-
workers (1959) report a soil loss of as much as 25 mm 
depth of soil from bare areas on Carruther ' s Peak 
near the highes t parts of the Snowy Catchment following 
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a fall of approximately 200 mm in 24 hours on 29 
December 1957 . The discha rge of the Snowy at Guthega 
after that storm was 5.26 m3/km2/sec, almost four times 
the maximum discharge for which a suspended sediment 
sample has been obtained . Costin and co-workers (1959, 
p . 27) say that the r a te of denud a tion of about 8 km2 of 
badly affected high mountai n country in the Carruther ' s 
Peak- Twynam area is 1,000 m3/ km2/year. Much of the 
material removed is deposited in bogs and lakes further 
downslope , but some must enter the stream channel . 
Thus the major sources of sediment in the Snowy catch-
ment appear to be highly localised flood source areas, 
where the degradation of vegetation is most severe . 
Although the reduction of grazing has helped the 
regeneration of vegetation, the construction works and 
tourist activity which have replaced grazing produce 
local sediment sources particularly along roads and 
tracks. Similar sediment sources exist in the other 
Snowy Mountains catchments but none are so well 
documented as the upper Snowy catchment . 
Rates of removal of suspended sediment from 
the three Tumut headwater streams (stations 40, 42 and 
43) differ consider ably . Although the Yarrangobilly 
catchment is slightly more rugged and steep than the 
other two, these physiographic characteristics cannot 
account for all the contrast . As the mean annual 
precipitation over the three catchments is much the 
same, the only aspect of the availability of water 
which is likely to affect removal of suspended se diment 
is the amount of p recipitation which falls as snow and 
the time this snow lies on the ground . As the 
Yarrangobilly sampling station (No . 40) is 600 m nearer 
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sea level than ·those on the Tumut and Happy Jack ' s 
Rivers (sta 43 and 42), snow cover is probably more 
effective in the latter two catchments and active 
raindrop erosion is able to remove greater volumes 
of sediment from the Yarrangobilly catchment . 
The i"' urrumbidgee River is similar in its 
sediment characteristics to the adjacent Yarrangobilly 
Ri ver, while the Tooma River has simil a r characteristics 
to the neighbouring Tumut catchment . The Mowamba 
River is in a r 2in shadow area, and has a.much smaller 
runoff than the other seven Snowy Mountain rivers, 
yet the mean annual sediment l oad is more than half 
that of the Tumut River, and is similar to that of 
the Queanbeyan at Narongo which has approximately the 
same precipitation . Precipitation over the Moxamba 
catchment is about equally distributed throughout the 
year, although heavy snow cover will lie for some months 
on the hi ghest parts of the western head waters . 
Summer storms acting on dry parts of the catchment are 
probably responsible for most of the sediment movement . 
Dissolved loads in the Snowy Mountain Rivers . Chemical 
data for the Mowamb a and Tumut Rivers ( sta 43 and 47) 
illustrate the contrasts between the two catchments . 
At all times the concentrations of solutes in lvl owamba 
River waters are higher than in the Tumut River . 
Part of the cause of this contrast is the lower runoff 
per unit area in the Mowamba Catchment and the 
consequent concentration of solutes by evaporation . 
This seems particularly likely as the temperature of 
Mowamba River water is 5 to s0 c higher than that of 
Tumut River water in the summer months . However as 
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chloride concentrations at stations 43 and 47 differ 
less than water hardness there may be some source of 
carbonates within the Mowamba catchment similar to that 
in the Queanbeyan catchment above Narongo (sta 38) 
which has simil a r hardness values and about the same 
catchment area . 
An indication of the sources of solutes 
within the Snowy catchment i s given by four samples 
collected at points from the snow patch on the lee 
side of Mount Twynam to the main river near Charlotte 
Pass . Melt water from the snow pa tch (in the autumn 
28 April 1963) had a total dissolved solids content 
of only 6 ppm, that from a stream 200 metres further 
down the mountain had a concentra tion of 36 ppm, that 
from a much l a rger stream draining the area between 
Carruther' s Peak and Iviount Twynam had a concentration 
of 15 ppm, whereas that fro m the Snowy River itself 
had a concentration of 19 ppm . There was a negligible 
amount of silica in the snow melt wa ter, and concentra-
tions of 1, 1 . 5 and 2 ppm in the three successively 
lower samples. The high total dissolved solids 
concentration of the sample not far below the Mount 
Twynam snow patch is probably due to local lithology . 
The steady increase in the silica conc entration 
illustrates the increasing length of contact with 
rocks and soils, and the slightly higher temperature 
of the lower streams . Although amorphous silica 
solubility at o0 c is theoretically 50 to 80 ppm, and 
that of quartz 5 to 8 ppm, river waters always carry 
lower concentra tions than the t heoretical solubility, 
and these concentra tions decrease with temperature to 
about 1 ppm at 2°c as on the Mount Twynam st ream, 
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and on Strike-a~light Creek in July 1965. 
General conclusions on the individual catchment studies 
The sampling , stream gauging and analyses 
carried out for each catchment have illustrated, as in 
Queensland, the considerable variety of denudation con-
ditions within quite small areas . The overall importance 
of precipitation, particularly its form, distribution 
and intensity, emerges from the description of individual 
hydrologic events which cause suspended sediment movement . 
Even in the relatively homogeneous area of the 
Queanbeyan catchment, the relative concentrations and 
volumes of material transported by headwater streams vary 
from one observation to the next . The SnovJY Mountains 
streams demonstrate the role of snow in sediment trans-
port, and the contrasts between summer and winter 
hydrologic conditions . The highest loads moved in these 
catchments occur as a result of heavy rain~alls from 
summer storms, or in late autumn when winter storms 
may produce more rain or snow, or in October when rain 
storms may accelerate snow melt and produce large 
volumes of surface runoff . 
i/ater quality in this area reflec t both the 
lithology of the catchments and the seasonal variation 
in evaporation, which produces high concentrations at 
very low flows during the summer months . Silica 
concentrations in waters from igneous rocks tend to be 
relatively greater than those from sedimentary rocks 
under the same hydrologic conditions. 
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C01PARISON BETWEEN· CATCHfviENTS - 1) DENUDATION 
RATES 
Regressions of solute load against discharge 
7he regressions of solute load against 
discha rge for the 10 New South Wales catchments studied 
in some detail are illustrated in Figs 52 and 53 and 
the regression coefficients are tested in table 20 . 
All regression coefficients are less than unity save 
on the Meadow Creek (sta 27) where the highest total 
dissolved solids concentration of 58 ppm was in the 
sample collected at the highest disch~rge observed 
0 . 52 m3/km2/sec . As in the anomalous Queensland 
saii1ples this concent ration includes some colloidal 
material ,-,hich passed through the river and should have 
b een measured as suspend ed sediment . The sp eci fi c 
conductivity of this sample from station 27 was 44 . 5 
micromhos and the true dissolved solids content was 
thus of the order of 35 ppm . 
The position of the individual regression 
lines on figs is determined by the concentration of 
dissolved solids associated with each river. The 
regression for Strike- a- light Creek (sta 34) is thus 
the highest with a decrease through the Queanbeyan and 
Goodradigbee catchments to the streams of the 
Robertson area which have the lowest solute concentra-
tions . As the discussion of individual catchment s 
has shown 1 solute concentration varies with lithology 
and to a lesser extent with evaporation and runoff.. 
The small scatter of the regression lines 
s uggests that the factors affecting the concentration 
of dissolved matter are of relatively little 
significanc e in determi ning the dissolved load of 
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the catchments. The important factor is the frequency 
with which discharges of different magnitudes occur. 
Thus the streams with the lowest solute concentrations 
in fact have the highest mean annual dissolved loads. 
Regressions of suspended load against discharge 
The regression coefficient of suspended load 
on discharge vary from 0 . 83 to 1.76 but only two (sta 25 
and 30) are less than un~ty. These two cases arise 
from the high concentrations of suspended sediment 
resulting from organic debris in low flows less than 
0 . 0001 m3/km2/sec. 
The scatter of the regression lines for 
suspended sediment load (figs 54 and 55) is much 
greater than for the dissolved load . 'he graphs 
demonstrate a variation in suspended sediment load at 
a discharge of 0.01 m3/km.2/sec from 0 .082 m3/1aa2/year 
on the Tumut River (sta 43) to 18.0 m3/km.2/year on 
Strike-a-light Creek (sta 34). Catchment conditions 
thus vary considerably in their effects on sediment 
yield. The contrast between the Yarrangobilly River 
(sta 40) and the neighbouring Murrumbidgee River 
(sta 41) emerges clearly, for at 0.01 m3/km2/sec the 
suspended sediment denudation rate is 0.76 m3/km2/year, 
while on the I-lurrumbidgee it is 0. 136 m3 /km.2 /year . 
Moreover the larger regression coefficient of the 
Yarrangobilly river indicates that at higher discharges, 
the difference in suspended denudation rate will be 
greater . This big difference arises from the great 
contrast in catchment relief and ruggedness number 
(t able 19) between these two rivers. 
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The influence of catchment characteristics 
is clearly marked in the Queanbeyan catchment, the 
highest regression line being that of the downstream 
station at Googong, where the proportion of the 
catchment under forest is lowest. The next highest 
is that for Boolboolma, which again drains a high 
proportion of cleared land . The curve for Narongo 
is very similar to that for Boolboolma. The catch-
ments above Anerubo, and ·of the Sherlock River, have 
greater a reas under undisturbed or little altered 
forest vegetation, and regression lines are lower than 
those for the dovmstream stations on the Queanbeyan 
River. 
Some Snowy Hountains rivers have much lower 
sediment yields at any particular discharge than the 
other catchments in SE New South ·. ales. This 
demonstrates that much greater volumes of water are 
required to remove a given volume of suspended sediment 
per unit area of the mountain catchments. This may 
nrise f rom the frequency of high flows which remove 
sediment much more regul rly so that there is little 
available for another storm to remove or alternatively 
because the catchment surface is much more efficiently 
prot ected by vegetation, soil stability or even snow 
cover against the erosive action of rain and running 
water. 
Calcul~tj on of total solute load 
The annual solute loac1s for the period 
1963-196 4 for the 10 catchments sampled more than 10 
times (table 18) were calculated from the regressions 
of solute load against discharge and from approximate 
flow duration data derived from the flow du ration curves 
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for Macquarie Rivulet (sta 28), Condor Creek (sta 33) 
and the Queanbeyan at Googong . Strike-a-light Creek 
(sta 34) was the only station for which an accurate 
flow duration curve was available . The supply of 
solutes was estimated from 10 precipitation samples 
collected in the Canberra district in which an average 
tot al dissolved solids concentration of 6 ppm was 
found . The application of this solute concentration 
to precipitation over the whole of S3 New South Wales 
is unsatisfactory and 6 ppm may well prove to be an 
overestimate, particularly in the areas where snow 
forms a large pa rt of the precipitation for the only 
snow sample collected in Canberra had much lower solute 
concentrations than any of the other precipitation 
samples. 
The highest dissolved loads are in the river 
with the lo~est average total dissolved solids concen-
trations, the streams of the Robertson area (sta 25, 
26 and 27). Low solute loads are found in the streams 
of the Queanbeyan and Bredbo Catchments (sta 34 to 38) . 
Calculation of total suspended sediment load 
Calculated in the same manner as the solute 
loads, the suspended sediment loads again show that the 
Robertson catchments have high denudation rates (table 
18) . These reflect primarily the high precipitation 
of the Robertson area and the greater likelihood of 
very intense rains in that area . ·/hile the maximum 
possible rainfall in the Canberra district is of the 
order of 200 mm in 24 hours (Hounam, 1957), falls of 
over 250 mm in 24 hours recur about once a year at 
Robertson. The small size of the Robertson catchments 
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is probably a secondary factor in the high denudation 
rates as the influence of local peculiarities such as 
badly gullied fields is greater in s mall catchments 
than in l a rge catchments where such influences tend 
to be even ed out. The furrows running down the 
steep slopes of Johnston ' s Creek catchment (sta 26) 
are an exampl e of these local sediment sources . 
Small catchm ents had to be studied at Robertson as 
the basalt outcrop is only 60 km2 i n a rea. 
Geehi Creek (sta 45), th e Snowy River (sta 46) 
and the Yarrangobilly River (sta 40) also have high 
rates of suspended sediment removal the local causes 
of which have be en discussed above . Vii thin the 
Snowy 1-iountains area differences between sediment loads 
of individual catchments seem to result from such 
factors as ca tchment shape and relief and human 
ac t ivit y . 
Tr.e next highest annual suspended sediment 
load is that of Br am ina Creek (sta 31), a steep 
turbul ent mountai n stream, which has a ratio of 
dissolved to susp ended load of only 1.6 compared with 
one of approxima tely 4 . 0 on the Sherlock River (sta 35) 
and Que anbeyan River at Anembo ( sta 36) . The much 
lower suspended s ediment load of Brindabella Creek 
(sta 30) is due mainly to the lower volume of runoff 
compa r ed with Bramina Creek . However, the real 
difference may not be as great as the results indicate, 
as the runo f f estima tes are based on the application 
of th e f low dura tion curve for Condor Creek, and 
if th e discha rge from Br indabella Creek , with its 
steep stream p r of ile, i s flashier than that of Condor 
Creek, high peak dischc:"rges may occur, which could 
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shift as much suspended sediment as lower more prolonged 
peak flows in Bramina and Condor Creeks . 
Strike-a-light Creek (sta 34) has a higher 
suspend ed sediment load than all the Queanbeyan stations 
except herlock River (sta 35). The effective rain-
fall ove r ~trike-a- light Creek is only 90 mm and most 
of the runoff occurs as l r rge flood flows which exert 
a scouring action on the channel bed and banks and 
carry large volumes of fine silt. The Quean bey an 
catchment has a slightly higher effective precipitation 
and few e r sediment sources vathin the ca tchment and 
only in the Sherlock River where runoff is almost 
twice that of Strike-a-light Creek does a higher 
sediment yield occur. 
Estimation of bed load and unmeasured suspended 
sediment load 
No measurements of bed load transport or 
calcula ti on s of to t al sediment load using the modified 
Eins tein p rocedure were possible on t h e ill - sorted bed 
materia l of t hese New South Wales streams. Changes 
in pool and riffle forms in the sands and gravels of 
Strike-a-light Creek and Sherlock River (sta 34 and 35) 
occurred a f t er flood flows but no information was 
gained on the distance travelled by individual particles . 
The bed loads and unmeasured suspended sediment loads 
were therefore estima ted in the same manner as those of 
similar NE Queensland catchments . The imbricat ed 
p av ement of stream s in the Queanbeyan and Goodradigbee 
catchments was t h ought to be a sign of very small bed 
load movement and higher rates of bed load movements 
were expected in the stream containing a high proportion 
of s and (sta 34 and 35) while the silty bed material 
... 
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of the Robertson streams would probably be carried 
on suspension in high flows. 
C0i'1PARIS0N BET \·/EEN CATCHMENTS - 2) BED 'MATERIAL 
E:ven wore thsn i.e~ Q1.,1. eenslal't'd, The bed 
material of t hese New South ·/ales rivers is affected 
'2 ,; '°" -w,. J • ._ - (! - J J;: ~ v i ~v,J. J 
by factors other than simple lithologic and hydraulic 
I 
forces. • The area contains abundant relics of past 
climates and phases of ~ore vigorous slope erosion 
than at present. Therefore the g r avels in the modern 
streams may be either residual fragments from the 
reworking of old deposits or the result of present 
processes . 
Such conditions of varied ori gi n of bed 
material make the interpretation of granulometric 
analyses difficult. The cumulative frequency curve 
for sand-size material from Johnston's Creek (sta 26) 
is shown on fig 50 and the g r anulometric parameters 
are listed in table 27. The cumul a tive curve shows 
that the material is ill-sorted and ranges beyond the 
limits of t he sand size class into both the silt size 
class and into g ravels. Much better sorting is 
evident in the cumulative curves for the sand s of the 
Sherlock River. 
The remaining cumulative curves plotted on 
fig 50 show the dominance of the larger fragments in 
the sand samples from these rivers in which the fine 
particles are found wedged beneath i 1ubricated pebbles . 
The data from these mountain streams are insufficient 
for an evc.luation of the amount and frequency of 
movement of bed material. Even in the Quean beyan 
catchment on which four st a tions were studied a much 
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closer investigation would be required as the river 
passes from narrow gorge sections to wide alluvial 
reaches several times between any two of the stations . 
CONCLUDING REMr RKS ON THE STUDIES IN NEW SOUTH 
WALES 
The investigations in New South Wales have 
emphasised the primary role of the volume of water in 
catchment denudation. They have also, particularly 
in the Snowy ~ountains area, shown the importance of 
the protective action of snow cover, as opposed to the 
mechanical action of rainfall in the detachment and 
entrainment of solid particles . The problem of 
contrasts in catchment conditions caused by alluvial 
deposits of past erosional phases have been illustrated 
both in supply of suspended sediment by stream bank 
erosion, and in bed load movement . 
The dissolved load of the various catchments , 
while primarily determined by rainfall, is also affected 
by lithology . tater quality is closely related to 
rock types and rivers draining igneous rocks tend to 
have a greater proportion of silica in their solutes 
than streams draining sedimentary rocks . 
While the denudation rate gene r ally tends 
to increase with increasing precipitation in the 
catchments examined in SE New South Wales, the 
importance of individual catchment characteristics 
emerges . The detailed mechanism of snow and frost 
action in the denudation process is beyond the scope of 
this study, but it is necessary here to recognise how 
anthropic factors affect these processes . Frost 
action on bare soil loosens particles more effectively 
than raindrop impact . Thus while under natural condition 
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vegetation and snow cover combine to produce low 
denudation rates , disturbance of vegetation and 
exposure of the soil will greatly accelerate denudation . 
Such a situation has occurred in some of the Snowy 
Mountains catchme nts where the big contrast between 
summer and winter weather results in a seasonal change 
from summer rain erosi on and gullyi ng to f rost action I 
in winter . 
The understanding of the full mechanisms 
of denudation in the New South 1ales catchments 
would require more detailed investigations that have 
been possible in this study. However, this broad 
survey has indicated the magnitude of denudation , 
and demonstrated some of the important factors in 
producing vari a tion between catchments . 
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CHAPTER EIGHT 
A COMPARATIVE STUDY OF RATES OF DENUDATION IN 
QUEENSLAND AND NEW SOUTH WALES AND OTHER PARTS 
OF THE WORLD 
The importance of the climatic factor in the 
rate of denudation should emerge from a comparison of 
the measured rates of denudation in two catchments, with 
widely different climates but otherwise similar . The 
preceding chapters have demonstrated the difficulty of 
finding similar catchments for this kind of study and 
have shown the variety of factors which affect the 
rate of denudation within any particular catchment . 
The effects of individual peculiarities of catchments 
will be reduced to some extent when the mean rate of 
denudation for a number of catchments of a given type 
in a given area is calculated . The procedure used 
in the comparative studies in this chapter has been to 
consider groups of catchments and to determine within 
group and between group differences using analysis of 
variance . A small number of catchments in any group 
limits the value of comparisons using this technique . 
Thus most groups of catchments of particular lithologies 
in Queensland and New South Wal es have only three 
members, the number of degrees of freedom in the 
analysis of variance is very small, and mo re extended 
sets of observations might have demonstrated greater 
differences than those shown by the available data. 
COMPARISONS BET\vEEN QUEENSLAND AND NEW 
SOUTH WALES 
The total loads of the Queensland catchments 
(sta 1, 2, 3, 4, 5, 7, 8, 10, 11 and 12 in tables 8 and 
18) are highly significantly different from the total 
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l oads of the New South Wales catchments (sta 25, 26, 
27, 30 , 31 , 34, 35, 36 , 37 and 38 in tables 19 and 18) . 
The dissolved loads of the same two sets of catchments 
are also highly significantly different, whereas the 
difference between the suspended loads of the two sets 
of catchments is only significant at the 2 . 5% level . 
The r e is a much greate r variation in the suspended 
loads within each of the groups than there is in the 
dissolved loads of the t\Jo sets. 
These differences between the loads from 
catchments in Queensland and New South \'/ales are thought 
to be due basically to the difference between the 
climates of the two areas . The difference between 
the mean annual rainfalls for the two sets of catchments 
is significant at the 1% level. Of the other factors 
which affect the rate of denudation, the lithology of 
the catchments is particularly important. These 
catchments with uniform or largely uniform lithology 
were divided into three groups according to the types 
of rock wr.ich predominate in their drainage areas . 
The basalt and granite catchments (sta 7, 8, 11, 25, 26 , 
27 and 1, 2, 3, 5, 35, 36 , 37, 38 respectively) are 
catchments in which those rock types are dominant . 
The remaining six catchments (sta 1, 4, 12, 30, 31, 34) 
are those which have extensive areas of either meta-
morphic or old sedimentary rocks . Station 1 is 
included twice, because although the majority of the 
catchment is granite, the area of metamorphic rocks is 
almost as important as the granite areas as a source 
of solutes (see Chapter Six) . 
220 
Analysis of variance between these li thologic 
groups of ca tchments is summa rised in table 28 . 
The groups of catchments of similar lithology in the 
two areas have differences of low level of significanc e. 
The rainfall of both me tamorphic and granite catchments 
differs between the two a reas (table 28) and this 
climatic difference probably accounts for most of the 
difference in denudation rates. However, the 
differences between the dissolved and suspended loads 
of basalt catchments in Queensland and New South '/ales 
are due to other factors. The dissolved loads of the 
Robertson catchhlents in New South \vales have a slightly 
higher mean and much less vari at ion than the basalt 
catchments of NE Queensland . The ·· ean sediment load 
of the Queensland catchments is over twice tha t of the 
Robertson basalt catchments, although that of the 
Barron at the Crater (5 . 65 m3/1rrn2/yr) is very similar 
to those of Johnston ' s Creek and The i1 eadow Creek 
(5 . 40 and 5.87 m3/km2/yr respectively) . This suggests 
that the greater suspended sediment yields of the 
Queensland cat chments are due to the larger areas of 
cultivated land in the other two catchments (sta 7 
and 11 ) • Size of the catchment is also a possibl e 
factor in the difference in suspended sediment yields 
and dissolved solids loads of the two areas . However , 
it would be expected that the l e.rger catchments? with 
a possible greater proportion of their total runoff 
derived from g roundwa ter, would have the higher rates 
of denudation by solution. The low dissolved load 
of the I1il lstream at Ravenshoe (sta 11 ) is due to 
the influence of the runoff from the rhyolitic rocks 
in the catchment which is very low in solute 
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concentration and dilutes the wa ters draining from 
the basalts . 
If lithology were as important as climate 
in the rate of denudation of different catchments, 
it would be thought tha t the sedi ment loads from 
catchments of differing lithology would show some 
differences . The results in table 28 show that there 
are no significant differences between the loads from 
catchments draining different rock typ es. In the 
only case where there is a ve ry slightly si gnificant 
difference, there is a more highly significant contrast 
in the rainfall over the two sets of ca tchments . 
These results thus suggest th2 t t he major factor in 
the contrast in the denudation rates of the catchments 
in the two areas is clima te, in particular precipitation . 
Suspended sediment load and runoff 
The effectiveness of p recipit a tion in NE 
Queensland and SE New South \vales differs as a result 
of the much lower winter temperatures of the southern 
area. The two sets of denudation r a tes were therefore 
considered in rel a tion to runoff . A general correlation 
of the rates of removal of suspend ed sediment with 
runoff, for all Australian st a tions yielded the 
following relationship : 
log 10SY = 0 . 5266 log QY + 0 . 0668 
which is significant at the 1% level . The correlation 
coefficient of 0 . 4999 with 25 degrees of freedom is 
also significant a t the 1% level. The plot of the 
relationship (Fig 56) shows two major g roups of points 
away from the regression line . Those well above the 
line (stations 7, 11, 12 and 39 ) are a ll for l a rge 
catchments in which there has been more anthropic 
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disturbance than in the other, smaller catchments . 
Those well below the regression line (stations 42, 43 
and 44) are the group of Snowy Mountains catchments 
which have particularly low sediment yields compared with 
the other catchments in that area. 
Analysis of variance between the suspended 
sediment yields of the Snowy Mountain Cat chments and 
the Queensland and the rest of the New South Hales 
Catchments (with station·s 30 and 31 being considered 
as belonging to both the Snowy !'fountain and New South 
Wales Groups) (table 29) show that while the difference 
between the Snowy Mountain and Queensland groups of 
ca tchments is significant at the 5% level, there is no 
significant difference between the Snowy Mountain and 
New South Vales group of catchments . 
If these three groups of catchments are sub-
divided into those with a runoff over 900 mm and those 
with a runoff less than 900 mm, differences significant 
at the 5% level are found between the Queensland and 
New Sou th Hales and between the Queensland and Snowy 
Mountains catchments with over 900 mm. There is a 
highly significant difference between the suspended 
sediment loads of Queensland and New South Hales 
catchments with less than 900 mm runoff, but there 
is also a highly significant difference in the runoff 
of these two sets of catchments, those in Queensland 
having runoff va lues from 421 to 900 mm, whereas those 
in New South \-ales have runoff values of 135 to 646 mm . 
These results further the general conclusion that 
suspended sediment load varies with runoff . 
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Suspended sediment load and Fournier's p2 :P ratio 
The differences at the 5% load in the catch-
ments with more than 900 mm runoff cannot be explained 
solely in terms of differences in runoff and therefore • 
the application to the problem of the relationship 
developed by Fournier ( 1960) is examined. Fournier 
emphasised the importance of the seasonal distribution 
of precipitation and correlated the ratio of thes::iuare 
of the maximum mean monthly precipit a tion to the mean 
annual precipitation with suspended sediment yield . 
The relationship between Q2 and suspended sediment load 
p 
for the Australian catchments (Fig 57) was : 
log 10 Sy= 0 . 7373 log £2 + 0 .3804 
p 
which is highly significant ( 0 . 1% level) . The 
correlation coefficient of 0 . 6871 is also highly 
significant (0 . 1% level) . This relationship between 
the seasonal dist ri buti on of precipitation and the 
suspended sediment yield provides a more significant 
correlation than the relationship between runoff and 
suspended sediment yield . The contrast between the 
NE Queensland area and the SE New South Wales area is 
clearly shown by the vertical line on fig 57 which 
separates all the New South \·/ales catchments from the 
Queensland catchments . The New South •/ales catchments 
with the highest p2:P ratios are those in the Snowy 
Mount ains whose maximum monthl y precipitation occurs 
as snow fall which is less effective in eroding soil 
than raindrop action. Thus is in contrast to the 
very intense storm rainfalls of the wettest months in 
NE Queensland . 
Fournier (1960, p.187) has a map of the 
normal erosion of the land surface of the earth . 
224 
Converting the values of his isopleths of tonnes/km2/ 
yr to m3/km2/yr by assuming a density of the rock 
equivalent of the eroded material of 2 . 65, his estimate 
of the rate of removal of suspended sediment from the 
northeast Queensland area is 750 m3/km.2/yr and for the 
south eastern New South Wales area is about 80 m3/km2/ 
yr. Fournier ' s map is evidently extremely generalised , 
and wide deviations from his estimated values would 
be expected , particularly in smal l rugged catchments 
such as those examined in this study . However, 
Fournier's values are a complete order of magnitude 
greater than those listed in tables 18 and 26. Even 
bearing in mind the paucity of data for some of the 
catchments , and the danger of using flow duration 
curves for particular streams as regional flow duration 
curves, it is most unlikely that the values obtained 
from the investigations made during the course of the 
work in Australia would b e erroneous to that extent . 
Examining the data which Fournier has used to establish 
his relationship and his standard rates of erosion, it 
seems that he has used streams which drain areas very 
much affected by human land use practices . It is 
therefore felt, as Tricart (1961b) pointed out in his 
review of Fournier's work, that Fournier's values are 
much too high to be values of natural erosion, and 
that they are the values of accelerated erosion , the 
result of intense anthropic modification of the 
natural landscape . Considerable effort was made in 
selecting catchments for study in Australia to obtain 
reasonably undisturbed conditions . Probably the 
results from these catchments are closer to the rate 
of natural erosi on, even though anthropic factors are 
very important in some of them . 
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In conclusion, a clear difference exists 
between the rates of denudation of catchments in NE 
Queensland and in SE New Sou th Hal es . This difference 
is associated with differences in precipitation and 
runoff, and hardly at all with lithologic factors . 
The contrast in suspended sediment loads is related 
particul arly to the seasonal dist ribution of precipitation . 
However, the Australian va1ues are very much less than 
the rates of suspended s·ediment denudation estimated by 
Fournier. 
COMPARISON WITH ESTIMATES OF RATES OF DENUDATION 
FOR OTHER AUSTRALIAN CATCl-fivIENTS 
Despite the large amount of soil conservation 
and hydrologic work in Australia, few estimates of 
rates of denudation have been published . Sain ( 1952) 
quotes results of measurements of the sediment inflow 
to the Burrinjuck Reservoir, on the Mu rrumbidgee NW 
of Canberra, indicating a rate of erosion of the 
Burrinjuck Catchment, which includes many of the 
streams studied in this work, of 4. 3 m3/km.2/yr during 
the period 1910-1924 . This figure is very comparable 
with the data reported here, bearing in mind the large 
amount of anthropic disturbance in the lower parts 
of the Burrinjuck Catchment. 
Observations of the suspended material carried 
by some West Australian Rivers were made by Finucane 
and Forman ( 1929) and Carro 11 and Clarke ( 1940) . The 
latter pair of authors found the rate of removal of 
suspended sediment from the Collie and Preston 
catchments during a flood period was 11 m3/1crn2/yr . 
As such flood periods occur only once in every 6 t o 8 
years, the average annual r ate would be somewhat less 
226 
than this rate. Such a rate of suspended sediment 
removal would be comparable with the results found in 
New South Wales . The few avail able estimates of 
denudation rates in Australia thus fall within the 
range of the rates determined in the present work. 
CO IPARISO N OF RATES OF SOLUTE DENUDATION 
MEASURED IN AUSTRALIA WITH WORLD- HIDE 
ESTIMATES OF SOLUTE DENUDATION RATES 
The general relationship between the rate of 
solute denudation and runoff has been examined in three 
~ecent publications, the results of which are summarised 
~ 
~ fig 58. It will be noticed that these general 
relationships all show higher rates of denudation at 
any given discha rge than those observed in the Austra-
lian catchments. This contrast is partly due to the 
differences in size and lithology of the catchments 
studied. While the three general estimates are based 
on large catchments in the United States and Living-
stone (1963b) also uses the major drainage basins of 
the world, all of which contain rocks of varied 
lithology and solubility, the Australian catchments 
are small and consist chiefly of less soluble igneous 
and old sedimentary rocks. The average total dissolved 
solids concentrations of waters from catchments in 
eastern Australia are less than those in catchments 
with similar runoff in the western conterminous 
United States studied by van Denburgh and Feth (1965) . 
Fig 58 indicates th a t there is a general 
agreement about the relationship between the rate 
of solute denudation in streams with a runoff of 5 to 
1000 mm, but diversity of opinion as to the r elati on-
ships beyond the limits of that range, particularly 
for streams with high rates of runoff. The scatter 
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of points for the Australian catchments indicates an 
increase in the rate of solute denudation with increasing 
runoff. Leopold, Wolman and Miller (1964 , p . 78) 
however state: 
When runoff exceeds 3 inches (76 mm), 
additional runoff does not produce much 
additional dissolved load . At about 10 
inches (254 mm) runoff the load approaches 
150 tons per square mile (24 . 2 m37km.2/y r) 
a maximum value . At about this value , and 
thus when the ~recipitation exceeds 25 
inches (635 mm) annually, weathering pro-
ceeds at about the .maximum rate and 
additional precipitation does not produce 
any greater quantity of soluble products . 
This opinion is supported by Feltz and \'lark (1962) who 
found that when the discharge of streams in the Potomac 
River Basin reached 0.109 m3/km2/sec the solute 
concentrations of all streams was nearly uniform, 
suggesting that further increase in runoff would not 
cause a great increase in the rate of solute denudation . 
Van Denburgh and Feth (1965) however point 
out that "The solute load in areas of high runoff is 
large in spite of low concentrations whereas the total 
solute load in areas of low runoff is small even though 
concent rations may be high ". Livingstone (1963a, 
196 3b) al so emphasises this point, demonstrating that 
the rate of chemical denudation of Amazon basin is 
8.6% above the world average . One of the difficulties 
in determining the solute denudation/runoff relation-
ship is lack of data for streams with very high rates 
of runoff . The highest rate of runoff used by 
Livingstone to establish his regression was 1,100 mm , 
the highest studied by van Denburgh and Feth was 
1,270 mm, and Leopold, lfolman and Miller 's curve ends 
at a runoff of 1,050 mm . Rivers in Java (van Dijk 
and Voeglzang, 1948, van Dijk and Ehrencron, 1949), 
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plotted on fig 58, with runoff in excess of 1200 mm, 
have solute denudation rates well above the line of 
Leopold, ·/olman and Miller, and close to Livingstone's 
regression line. These Javanese values are well above 
r ates of denudation observea in NE Queensland catchments 
where Behana Creek, with a runoff of 2325 mm has a solute 
load of 14.78 m3/km2/yr, compared to a rate of 60 m3/ 
km2/yr in the Rambat catchment in Java which has a 
runoff of 2740 mm . However, the doubtful estimate 
of a solute denudation rate of 80.04 m3/km2/yr for 
North Babinda Creek, with an estimated runoff of 3500 mm 
per year, is probably more comparable, but this estimate 
may be grossly inaccurate as no long term runoff data 
are available for any point in the Babinda Creek catch-
ment. The Javanese rivers drain areas of Miocene 
sediments, disturbed by agricultural activity, except 
for the Rambat which is on young volcanics. The two 
NE Queensland rivers mentioned drain granite and 
metamorphic rocks and have lower mean dissolved solids 
concentrations. 
The importance of lithology in the rates of 
solute denudation in the eastern Australian catchments 
has already been emphasised. Further evidence of the 
importance of lithology comes from the Sangre de Cristo 
Range in Mexico where i~1iller ( 1961) found the following 
rates of denudation on different types of rocks 
quartzites 0 . 92 m3/km2/yr 
granites 3.37 " 
sandstones 14.65 II 
Wolman and Miller (1960) suggest thct geologic influences, 
such as erodibility and content of soluble constituents, 
may overshadow the effects of climate in the r a te of 
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acquisition of dissolved load. They argue that ground-
water is probably the major source of the solute load, 
yet it is the very time when the proportion of the total 
flow supplied by groundwater is least tha t the maximum 
rate of removal of diss olved matter occurs. Berthois 
(1958) notes that half the annual water discharge of the 
Loire occurs during February and March? and that hcl f 
the annual dissolved load is r em oved during those two 
months. It is probable that chemical denudation reaches 
its greatest efficiency when flood flows occur, even 
though it may be but a small part of the total erosive 
effort under those conditions. The loosening of a 
large quantity of rock fragments of all sizes on slopes 
and in channels exposes a vast extent of mineral sur-
faces to the solvent action of water; turbulence helps 
to increase the rate of so lu ti on and the renewal of 
contact between rock surfaces and water is continuous 
as channel perimeters are scoured by transported debris . 
Even though \folman and ihller ( 1960) stress the role 
of vegetation inhibiting the production of elastic 
sediment, there is always a greater amount of suspended 
matt e r in st reams in flood stages in humid regi. ons than 
at low flows, and thus there is always the possibility 
of acquisition of solutes from the elastic load during 
a flood . 
This evidence of removal of greater volumes 
of dissolved load during floods than during low stages , 
despite dilution of the solute concentration , coupled 
with the evidence from Australia and other catchments 
with high rates of runoff, suggests that Leopold, 
Wolman and Hiller ' s relationship between dissolved 
load and runoff is unsatisfactory , and that solute 
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load increases with increasing runoff even above a mean 
annual runoff of 1,000 mm . Lithologic factors cause 
wide contrasts within the general solute load/runoff 
relationship, but are subordinate to the major climatic 
influence, becoming important on a different scale, for 
example, within areas receiving approximately the same 
rainfalls . The major cause of the contrast between 
the rates of denudation measured in the eastern Austral-
ian catchments and the geheral world relationship is 
this secondary factor of catchment lithology. 
COMPARI SON OF RATES OF SUSPEND!EID SEDii-iENT DENUDATION 
MEASURED IN AUSTRALIA f.[TH \'/ORLD -\v'IDE ESTIIviJ TES OF 
SUSPENDED SEDI ENT DENUDATION RATES 
The observations in Australian catchments may 
be compared with results obtained in two areas which have 
generally similar climates to the two Australian areas. 
Carbonnel's data (1964a) for the Grand Lac affluents in 
Cambodia are from an area with a hot wet seasonal 
climate simil a r to that of Northeast Queensland, and 
Wark and Feller's data ( 196 3) for the Potomac River 
repres ent a climate similar to that of the Southern 
Tablelands and Highlands of New South ·.,ales. The levels 
of si@lificance of the differences between the suspended 
sediment loads derived from these sets of catchments 
are summarised in t 2ble 29. There is a clear similarity 
between the results from Cambodia and Queensland, but 
the differences between the Potomac and New South \·iales 
or Snowy Mountains catchments are greater than those 
between the Potomac and Queensland or Cambodian catch-
ments. Howeve r the lowest rates of suspended sediment 
denudation of the Potomac catchments, between 3 and 5 
m3/1an2/yr, are for four catchments with between 60 and 
80 per cent forest cover, results and conditions which 
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are comparable with some of the New South \'/ales and 
Snowy Mountains catchments. 
The similarity between the Cambodian data and 
the northeast Queensland r esults is shown by the Fournier 
rela t ionship between p2: P and suspended sediment load 
(Figs 57 and 59) . Both areas have results much lower 
than the values shown on Fournier ' s world map ( 1960, 
p .1 87) . The Queensland resul ts do not compare 
favourably with the data from small catchments 
collected by Fournier (1960, t able 13, items 97 to 129, 
p .1 63) the regression of suspended sediment against 
p 2:P for which is plotted on fi g 60 . This graph also 
shows the reg r ession for the Australian data and 
Fournier's four curves for different groups of catch-
ments divided a.ccording to relief, aridity and p2 : P 
ratios. 
Fournier calcula ted and plotted all his data 
on arithmetic scales and thus his regressions p rovide 
curvilinear plots on the lo6arithmic scales of the 
graph in fig 60 . This use of a rithmetic scales seems 
short - sighted as negative sediment yields would be 
obtained if his regression equations were used to 
calcul ate the suspended sediment yields of catchments 
with p2:P values of less than 8. The Queanbeyan 
River catchments (sta 35 - 39) have p2 :P values of 6.4 
to 7.6 a.nd suspended sediment yields of 0.66 to 3.44 
m3 /km2 /yr. 
The big difference between Fournier ' s data 
and those obtained in eastern us tralia is readily 
apparent from fi G 60 . The Australian results come 
much closer to some measurements i.lade on experimental 
plots under na tural veget a tion. The lower 5 of these 
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eight values (Fig 61) are comparable with those for 
the New South Hales catchments. Gabert (1964) found 
a comparable rate of 10.5 m3/km.2/yr on an experimental 
plot near Aix-en-Prove~ nce which has a p2: P ratio -/ 
of 14.3. These rates of erosion under natural 
vegetation confirm the suggestion that the Australian 
observations provide a closer estimate of the natural 
rate of erosion than do Fournier ' s world - wide estimates . 
'"' 
Suspended sediment and runoff, USA examples 
The Australian values are also well below 
the mean values of the rate of removal of suspended 
sediment from relatively small catchments, probably 
less than 5000 km2 in area, in the USA reported by 
Langbein and Schumm (1958). However, although the 
Australian streams have low sediment yields, many other 
streams in various areas have similar sediment yields, 
as indicated in table 30 . It will be noticed that 
there is no apparent correlation between suspended 
sediment yield and runoff, with streams with a runoff 
of 600 to 700 mm having sediment yields from 1.05 to 
248.50 m3/km2/yr. Langbein and Schumm however suggest 
that there is a relationship between sediment yield and 
effective precipitation (which is defined as the amount 
of precipitation required to produce a known amount of 
runoff). They find that sediment yield is at a maximum 
at about 250 to 350 mm precipitation, decreasing sharply 
on both sides of this maximum, in one case owing to a 
deficiency of runoff and in the other to increased 
density of vegetation. The relationship of sediment 
yield to runoff for the Australian catchments showed 
increasing yield with increasing runoff, the catchments 
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in the wettest parts of northeast Queensland producing 
the greatest volumes of suspended sediment . Fournier 
(1960) on the other hand has shown a parabolic relation-
ship between precipitation and sediment yield which, 
.l,':. i ~ w 
H 11lri!o Langbein and Schumm, has a maximum rate at about 
300 mm precipitation, decreasing as precipitation 
increases, to a precipitation of 900 mm, when sediment 
yield begi.ns to increase with a further increase of 
precipitation . At first sight it seemed as though the 
Langbein and Schumm data represented the left hand side 
of Fournier ' s curve, and the Queensland data the right 
hand side . However, the scatter of individual 
catchment data is so great that these relationships ~ay 
be merely fortuitous . 
The data in table 30 were used to try to 
establish a curve on the same basis as that constructed 
by Langbein and Schumm . Except for the large rivers 
from the United Nations Publication (Source I) and the 
exceptional Tjatjaban, all rivers in the list were 
divided into the same groups on a basis of effective 
precipitation as the rivers described by Langbein and 
Schumm . The runoff was converted, to effective 
precipitation using the graph employed by these autho r s . 
' V • S" ,. A tI 
Although within the range of effective precipitation 
I\ 
ll,\ ~ 
Langbein and Schumm studied) t~eurve so aePived is 
similar in form to that for the American catchments , 
the average annual sediment yields are half the 
magnitude of the USA examples . The curve also shows 
that sediment yield tends to increase with increasing 
runoff exceeds 600 mm . 
Grouping all the catchments in table 30 fo r 
which runoff dataa:r:e available into two classes of 
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more and less than 2,000 1an2 and into sets on the basis 
of run off , two very different curves have been derived 
(Fig 62) . Vhile the large cat~ments show a steady 
increase in sediment yield ~ath an increase in 
precipitation the small catchments show approximately 
the same sediment yield at all runoff values . Even 
though the data in t able 30 are unevenly distributed 
in clima tic zones, the variations in the runoff- sediment 
yield relationship are so grea t that f actors other 
than effective precipitation have to be considered . 
Just as da ta from experimental plots clea rly indicate 
the effects of changes in vegetation cover on sediment 
yield , similar large scale changes greatly increase 
sediment yields. Most of Langbein and Schum.m ' s data 
are derived from catchments in the central part of 
the conterminous USA, where the natural landscape has 
been greatly modified by cultivation . Fournier also 
uses much data from the USA as well as many European 
catchments which have had an even longer period of 
agricultural use and misuse . The varying degree of 
vegetation modification in various catchments will 
cause a wide scetter of sediment yields from areas 
over similar climatic and topographic conditions . 
Factors other than precipitation which affect suspended 
sediment yield 
Corbel (1959) has emphasised the contrast 
between erosion in mountain streams and erosion in 
plains country, showing that, for example, in periglacial 
areas erosion in mountain reg~ons is 40 ti mes that in 
areas of low relief. Kennedy (1964) clearly shows 
the contrast between sediment yields of streams in the 
ridge and valley and the coastal plains regions of 
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Georgia, U.S .A. where the yields in the mountains are 
up to 50 times those in the plains . Hal ' tsev ( 1962) 
on the other hand found that the silt loads of Central 
Asian rivers inc rease from the upper to the lower parts 
of the rivers, and the volume of sediment removed per 
km2 diminishes rapidly with altitude . This type of 
contrast also occurs in the Irrawaddy catchment (Stamp, 
1940) where the total annual silt load passing l'-iandalay 
is 32.5 million tons, but below Mandalay 111 million 
tons are derived from the Chindwin and 122 million tons 
from the non-perennial streams of the dry-zone. On a 
much smaller scale, it has been shown in Chapter Six, 
that raost of the load of D: vies Creek at station 1 is 
acquired after the creek has emerged from the steep 
mountainous course onto the drier less densely vegetated 
plateau surface . Thus although in some areas good 
correl a tions are found between the r elief and maximum 
length of a catchment (expressed as relief-length 
ratio) and suspended sediment yield (Maner , 1958), there 
is no generally applicable relationship of this kind . 
The factors which are significant in one area, or at 
one s~ale of investigation, are possibly of minor 
importance in another area or at a difference scale 
of enquiry . 
Frequency and magnitude of hydrologic events 
The simple rel ationship between suspended 
sediment yield and runoff (or effective precipitation) 
is so greatly affected by other factors that it is 
doubtful whether Langbein and Schumm ' s rel a tionship 
is generally applicable to other continents . Fournier 
stresses the importance of the distribution of r ainfall, 
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and the type of streamflow regime with which it is 
associated . It is this notion of streamflow regime, 
and the concept of the relative frequency of flows of 
different magnitudes, which is behind Fournier's 
coefficient p 2:P expressing the concentration of rain-
fall . This rel~tionship fits not only observations 
in Australia 1 but also those mad e by Carbonnel (1964a) 
in Cambodia. Table 31 shows that, in general, the 
NE Queensland st reams which have high p 2 :P ratios also 
have the bulk of their suspended sediment load 
carried in the shortest periods of time. 
One ililportan t feature of the p 2 :P ratio 
should be noted, its highest values correspond to 
climates with both a highly seasonally distributed 
precipitation and also a high total precipitation . 
Thus while an arid climate receiving only 200 mm wean 
annual precipitation, 120 mm of which fall in one month, 
has a p2:P ratio of 72, a clim2te with 4000 mm mean 
annual precipitation, 600 mm of ,hich fall in one 
month , has a p2:P ratio of 90. This implies that in 
fact it is the most humid seasonal clim ates in which 
the highest rates of suspended sediment denudation are 
t o be expected . The high rates of denudation of the 
rivers of monsoon Asia listed in table 30 are thus 
,½ 
as highf if not higher than1 those of rivers in the arid 
areas of the USA . 
Arid areas may receive storm events so 
infrequently that although the storms remove greater 
volumes of sediment than similar storms in more humid 
areas, they are so far apart that the gross rate of 
sediment removal is greater in the humid area . 
is the case in NE Queensland, where, as shown in 
This 
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Chapter Six, the rare events of great ma~nitude are more 
important in the total sediment removal from the drier 
catchments, but storms occur much more frequently in 
the wetter areas, where much larger volumes of water 
carry away more sediment . Even under natural 
vegetation, it is possible that higher denudation rates 
will occur in forested areas with seasonal climates 
than in semi- arid areas where the soil is much less 
well protected. Large volumes of wate r circulating 
through ca tchments can continually act on any weakness, 
such as the stream banks. Parde (1954b) points out 
that mountain st reams with large volumes of water 
frequently carry as much suspended sediment as streams 
in semi - arid regions . 
The complexity of the denud a tion system is 
such that more precise informa t ion is required on the 
factors a f fecting the suspended sediment yield of 
individual ca tchments before adequate world - wide 
syntheses can be made. There is a wide range of 
equations wh ich a ttemp t to correlate some of these 
factors . H. W. Anderson (1953, 1954) has pursued the 
analys i s of these va ri ables to a Greater extent than 
most other investigators, paying sp ecial attention to 
the varia tion of soil erodibility wit h geology, vegeta-
tion, eleva tion and loc a tion (Andre and Anderson, 1961). 
More detailed investigations of the ustralian catch-
ments would be needed to see whether H. \of . Anderson ' s 
relationships, for example his soil erodibility index, 
are ap plicable to areas of contrasting climates . 
However, until such detailed work is carried out, the 
full import ance of climate in denudation systems will 
not be understood, and prediction of denudation in 
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ungauged catchments will not be possible. 
The general importance of climate, which 
is intimately connected with other non-geologic, non-
anthropic factors, such as soils and vegetation, has 
emerged from the Australian data, and its comparison 
with examples from elsewhere . Fournier 1 s p2:P seems 
to be the best, simple expression of the relationship 
between climate and suspended sediment denudation. 
It does not take temperature into direct consideration, 
even though temperature affects the viscosity of water, 
and thus sediment transport rates (Fahnestock and 
Maddock, 1964). Temperature probably is only a 
minor factor, and it is the intensity and frequency 
of runoff which is most important. H0\·1ever, suspended 
sediment denudation rates are greatly affected by 
human activity, and it seems possible that man may 
have increased the sediment yields of major catchments 
as much as one hundred times the natural erosion rate. 
GENERAL CONCLUSION ON THE RATES OF TOTAL 
DENUDATION IN AUSTRALIA AND ELSE ·HERE 
The rates of denudation of the Australian 
catchments are low compared with world average 
denudation rates . Most of the catchments have rates 
below Gilluly 's (1964) estimated erosion rate of 
21 m3/km2/yr for the North 1tlantic streams of the USA . 
If the Australian figures represent rates of denudation 
close to the natural rates of denudation, the particular-
ly low rates of the streams in the Queanbeyan catchment 
are interesting in relation to speculations about the 
particul arly slow rate of modification of the 
geomorphology of the landscapes around Canberra, 
mentioned in Chapter Five . The limitations of the 
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data from these streams make further speculation on 
this point unwise 1 but a study of the present rate of 
landscape evolution may help unravel the geomorphic 
history of the Southern Tablelands of New South Wales. 
The studies in Australia have shown that there 
is a significant difference in the rates of denudation 
in the two areas examined . However, this difference 
is due primarily to precipitation and its seasonal 
distribution, rather than to temperature . The results 
from Australian catchments do not indicate whether 
tropical and extra tropical catchments with the same 
precipitation characteristics would have dissimilar rates 
of denud ation . Further investigations might show 
that high p2:P values occur only in tropical regions 
with seasonal clima tes. On the other hand despite 
negligible differences in the total rates of denudation 
of areas of similar precipitation within and without 
the tropics, there may be considerable qualitative 
differences in denud a tion processes. The exaruination 
of water quality in the next chapter is an attempt to 
establish the qualitative aspects of chemical 
denudation. 
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CHAPTER NINE 
WAT BR CHEi,1 IS TRY ANi) THE G~OCJfEMI CAL CYCLE 
The transport of materials by rivers is one 
aspect of the constant migration of elements which 
mades up the geochemical cycle (Mason, 1958, p.278-285) . 
In this cycle the prima ry material of magma is constant-
ly transformed and translocated with the successive 
formation of igneous rocks, weathering products, 
sediments, sedimentary rocks, metamorphic rocks to the 
eventual regeneration of magma by anatexis and palingen-
esis. Much of the time, material does not complete the 
full cycle but takes a shorter circuit, for exampl e, 
from the weathering of igneous rocks by erosion to the 
formation of sedimentary rocks which are themselves 
formed into land areas from which the elements are again 
eroded. The solutes contained in river waters may 
thus be derived in a variety of ways. Hanya (1959) 
finds that the chloride in Japanese rivers may be 
derived from 1) rain, 2) wind-borne salts, 3) human 
contamination, 4) mineral springs, and 5) the decomposi -
tion of rocks. The solute composition of river water 
will vary in time as a result of the relative importance 
of these different sources, and of the proportion of 
groundwater to surface runoff in the total streamflow. 
The chemistry of waters from different drainage basins 
will vary not only as a result of contrasts in lithology, 
but also through the changes in the influence of 
climate and human activity. This chapter examines 
the information provided by the chemical analyses of 
the river waters from eastern Australia, seeking to 
define the sources of the various solutes, and the 
nature of the rock- derived material under different 
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climatic conditions. Use is made of the ratios between 
ions to typify the waters from various environments . 
However, before an evaluation of the geologic controls 
of water quality can be fil ade, the role of precipitation 
chemistry must be evaluated. 
PRECI? ITATION CHEMISTRY 
Although a general regional correction for the 
material foreign to the 9atchmen t which was brought in 
by precipitation was made i n calculating the rates of 
solute denudation in Chapters Six and Seven, there is 
a considerable va riation in concentra tions of solutes 
contained in rain at different times of the year and in 
storms of v a rying duration and origi..n. A completely 
correct assessment of the supply of solutes to the 
landsurface from precipitation requires an evaluation 
of these variations. 
The chemistry of rain in north-east Queensland 
17 rainfall samples collec ted at various 
points in the Cairns - Atherton T~bleland area were 
analysed (t able 32) and the ratios of va rious ions 
to both chloride and sodium were calcula ted . The 
... 
maximum number of samples collected at one point~ 
five, from the Herberton Range close to station 6 on 
the \valsh River, just west of the divide between the 
Coral Sea and the Gulf of Carpentaria drainage areas . 
Analysis of variance of the results from this point 
with those from Babinda Boulders (sta 9), where three 
samples were collected, show only slight differences 
significant at the 10% level in the calcium content 
and at the 20% l evel in the Na: ~g ratio . These 
differences, although slight, indica te a decrease in 
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calcium concentration and in the dominance of the 
sodium ions awey from the coast . From _, table 32 it 
will be seen that the mean chloride concentration of 
rain on the Herberton Range is also less than that at 
Babinda, although the difference between the means is 
not significant . Thus although the data are limited, 
I, .. ' ., - ~ - • 
t here :ii.1e a tendencj effor the solute concentrations in 
rain to decrease inland and~ their relative proportions 
to change . 
For the majority of solute concentrations and 
ionic ratios the within group variation at either 
Babinda Boulders or on the Herberton Range is greater 
than the between group variation. The lowest concen-
trations of solutes in the samples collected on the 
Herberton Range were in the rain which fell between 2 
and 28 December 1964. During this period very heavy 
rain associated with cyclone "Flora" brought 1545 mm 
., 
to the Atherton Post Office 10 km NE of the Herberton 
Range. The highest solute concentrations on the Range 
were in the rain of the period 24 November to 2 December 
durin5 which a few thunderstorms brought 580 mm to the 
Atherton gauge. 
Low Na:Ca ratios in Queensland rainfall occur 
in thunderstorms and rains at the beginning of the wet 
season following long periods of dry weather. High 
Na:Ca ratios occur in heavy cyclonic rains. These 
characteristics suggest that thunderstorm rains tend 
to collect more solutes of terrestrial origin, the 
Na:Ca ratio of sea water being 22 (Hutton and Leslie, 
1958). The early rains of the wet season also tend 
to wash salts out of the atmosphere, particularly those 
salts which have been blown up from the land surface 
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and which are collected by falling raindrops beneath 
the level of the cloud- base . 
These observations on rainfall chemistry 
suggest th&t it is difficult to find a simple method 
of making an accurate deduction from the dissolved 
load of northeast Queensland Rivers to account for the 
solutes brought into the catchment by rainfall. The 
data available are insufficient to enable a typical 
precipitation chemistry to be calcul 2.ted for each 
catchment. As the variation of the chemical quality 
of rainfall at any point is greater than the difference 
between any two points in the area, the areal average 
used in Chapter Six is considered the most reasonable 
figure to adopt to be made in the circumstances . 
The chemistry of precipitation in SE New South Wales 
All the precipitation samples in this area 
were collected in and around Canberra, at three points, 
Acton, Red Hill and Yarralumla Creek less than 10 km 
apart which may be reasonably considered to represent 
one locality. The average solute concentrations 
(table 33) show a dominance of sodium chloride but more 
calcium than sodium . The Na:Ca ratio of 0 . 81 is 
typical of inland rainfal 1, being similar to the 
Na:Ca ratios of thunderstorm rain in NE Queensland . 
The Na: K of 2.00 is low even in comparison with rain 
over 500 km from the ocean such as at Urbana, Illinois 
where the ratio is 3 . 00 (Larson and Hettick, 1956) . 
Two samples collected during the same storm 
on 30th May , 1964 illustrate the extent of washing-
out of the lower layers of the a tmosphere by a storm 
occurring after a long dry period . The total rainfall 
in the month prior to 30th May was 12 mm, no rain 
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falling after 26 May . The first sample collected 
shortly after the storm began had concentrations of 
0. 153 epm calcium, 0 . 079 epm chloride, 0 . 022 epm 
magnesium, 0 . 018 epm sodium, and 0 . 010 epm potassium. 
The second sample taken three hours later provided 
0 . 025 epm calcium, 0 . 048 epm chloride, 0 . 0003 epm 
magnesium, 0 . 004 epm sodium , 0 . 002 epm potassium . 
Neither sample had more than 0.001 epm nitrate . The 
concentrations of indivi'dual ions decreased to about 
1/6 of their concentration at the beginning of the 
storm, save for chloride which only decreased by about 
half . However the ratios of the ions to one another, 
except to chloride, remained about constant . The 
anomalous behaviour of the chloride concentration 
caused much 1 ower K: Cl, Ca: Cl, Na: Cl and 1- Ig : Cl ratios 
in the second sample. Both samples had Na : Ca ratios 
far lower than any others obtained in the ACT or 
Queensland . 
The 10\·Jest concentration of chloride measured 
in precipitation at Canberra occurred in a sample of snow 
collecte6 three hours after snow began falling on 7 
August, 1965 . Again, the main washing out of solutes 
from the atmosphere had probably occurred at the 
beginning of the storm. Direction of the rain-bearing 
wind may affect the solute content of precipitation , 
as rain from a southerly wind in Canberra tends to 
have lower solute concentrations and lower Na : Ca 
ratios than rain from west or northwest winds . 
However the s amples are too few in number to tell 
whether this trend is general . 
As explained in Chapter Seven, the lack of 
precipitation samples from the high rainfall areas of 
I 
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Robertson and the Snowy Mountains prevents an adequate 
calculation of the solutes supplied by precipitation to 
catchments in those a reas. As in Queensland a general 
correction was applied to the dissolved loads of all 
rivers. 
Comparison of precipitation chemistry in Queensland 
and New South V/ales 
While the sodium and chloride contents of 
precipitation in the tw6 areas are s imilar, there are 
higher concentrations of calcium, magnesium and potassium 
in the samples collected in Canberra. Analysis of 
variance shows that there is a significant difference 
at the 1% level in the Na:Ca ratios of the samples from 
the two areas. However, there are no differences in 
pH or nitrate concentration, which are remarkably similar. 
Nitrate concentrations are less than 0.001 epm in all 
samples except one from each area, both of which had 
concentrations of 0 . 0013 epm . The difference in the 
precipitation chemistry between the two areas seems to 
be rel a ted to dist ance from the sea and the direction of 
the prevailing wind. Thus while the Cairns-Atherton 
Tableland area is largely less than 100 km from the sea 
and has the south-easterly prevailing wind bl owing off 
the sea, the ACT is almost 200 km from the sea, and the 
prevailing winds from the wes t blow from the interior 
of the continent. The few samples fro m these two 
areas suggest there is no basic difference in 
precipitation chemistry in tropical and extra-tropical 
areas. 
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Comparison with other data on precipitation chemistry 
in Australia. 
Table 34 sets out comparative data on the 
chemical quality of rainfall at some Australian stations . 
The five analyses from Victoria, based on data in 
Hutton and Leslie (1958) provide a transect running 
inland from the coast at Cape Bridgewater t o Merbein 
320 kms inland . V/hile the NE Queensland average 
analysis (table 30) wou~d fit in most respects between 
the analyses for Coleraine and Horsham, the average 
ACT analysis is closer to that for \'/alpeup . However, 
there are some important differences between the two 
eastern Australian analyses and those from Victoria . 
The Na : Cl is lower than any of the other Australian 
samples, being closest to that for Katherine. There 
may be a general over- estimation of chloride concentra-
tions througp a systematic error in laboratory deter-
mination, or the eastern samples may contain less 
sodium of terrestrial origin . The chloride concentra-
tions in Australian rain are listed in table 35, which 
shows that although the ACT samples have much highe r 
concentrations than the nearest stations in Victoria 
( Omeo and Mitta Eitta) these concentrations are much 
less than those measured in vestern Australia , or in 
coastal locations in Victoria. All Queensland samples 
except Babinda and the Lamb Range have less chloride 
than those from the ACT, but much more than those from 
the only other tropical station at Katherine . The 
high levels of chloride in rain in ··/estern Australia 
are particularly interesting, and may represent the 
long fetch over open ocean when salt particles are 
picked up by the westerly winds . 
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The low solute concentrations in rain at 
Katherine are in great contrast to the other analyses 
in tables 33 and 34 . Uetselaar and Hutton (1963) 
conclude that neither the ocean nor the atmosphere are 
major contributors of material in rain at Katherine, 
and that most of the solutes in rain there are part of 
a terrestrial cycle . The indication that the solute 
concentrations in Queensland rain are affected by 
proximity to the ocean suggests that the greater role 
of oceanic salts in rain NE Queensland may account for 
at least some of the difference between the average 
concentrations in the two tropical areas. On the other 
hand, the nitrate content of rain at Katherine is at 
least equal to, if not greater t han that in rain in NE 
Queensland. As nit rate in rain water is closely 
linked to soil conditions and terrestrial sources of 
solutes, this may merely reflect the differences in 
soils and vegetation in the two areas. As in Canberra, 
the washing out of solutes from the atmosphere at the 
beginning of storms at Katherine produces higher con-
centrations of solutes than the sanples collected after 
rain has been falling for some time and particularly at 
the beginning of the wet season . 
There is thus no simple pattern of precipita-
tion chemistry in Australia. \·/hile at coastal 
stations, such as Cape Bridgewater the majority of 
solutes are carried inland from the sea , at inland 
stations the majority of material in rain may be 
derived from the local area, or the interior of the 
continent . The washing out of solutes from the 
atmosphere at the beginning of storms produces high 
solute concentrations in precipitation which may be 
I 
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merely the result of the settling of the dust blown up 
from the local area . Much of the solute content of 
precipitation thus does not represent transport of 
material into a catchment area. 
Comparison of the characteristics of Australian 
chemistry with those of other continents 
The decrease in chloride concentration in 
r ainfall with distance from the ocean has been generally 
recognised. Durand ( 195.8) notes th at the chloride 
concentrations in precipitation a t Castiglione on the 
coast of Algeria are greater than those at Clairbois, 
a suburb of Algiers further inland. Gorham (1955, 1958) 
found the main source of chloride , sodium and magnesium 
in Lake District rain to be sea spray, and noted that 
high chloride concentrations were characteristic of rain 
from south westerly winds which bl ow off the Irish sea. 
Sea spray particles over the ocean supply chloride to 
the atmosphere . Over the ocean and near the coast the 
majority of sea spray particles are concentrated in the 
layers near the surface and are washed out primarily by 
falling raindrops below the clouds . As air masses move 
inland, the particle concentration in the lower layers 
where most of the rain is formed is rapidly decreasing 
by a factor of~ to ~O over a distance of about 800 km 
(Junge, 1958) . 
Nitrate production in tropical thunderstorms 
has frequently been cited a source of acidity of tropical 
waters. However, Hutchinson (1957, p . 543) points out 
that oxidation in thunderstorms is not the only, nor 
indeed the most import ant, source of oxides of nitrogen 
in the atmosphere in rain . The greater importance of 
terrestrial sources of nitrate is emphasised by Junge 's 
,, 
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results (1958) which show that N03 formed by lightning 
can account for only 10 to 20% of the observed concen-
trations of N0 3 in rain over the USA . N03 appears to 
be produced in the soil and to be taken up into the 
atmosphere over the continents . Gambell ( 1963) 
suggests that areal differences in soil composition may 
account for differences in nitrate in precipitation in 
North c~rolina and Viginia. 
This view of the import ance of local soil 
variations for the chemical quality of precipitation 
has been widely discussed in the USSR where Maksimovich 
(1953) finds that in central Eurasia the atmospheric 
salts are l a rgely derived from dust taken up from the 
ground. As we a thering p rocesses vary in the great 
climatic soil zones of the continent, so does the 
chemical composition of the dust contributed to the 
atmosphere . Jennings (1956) has suggested that this 
type of intra-continental circulation of salts may be 
important in the problems of salinity in the interior 
of Australia. 
Thus two great natural sources of atmospheric 
salts contribute solutes to the precipitation at any 
one place . One of these sources is the ocean whose 
influence decreases inland as distance from the coast 
increases and the other is the supply of salts from 
the soil surfaces of the continental interior. The 
relative importance of these two sources is affected 
by the direction of the rain bearing wind. 
To these two natural sources must be added 
the anthropogenic supply of solutes both through the 
acceleration of the uptake of dust by removal of 
vegetation and earth moving operations and by the 
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burning and destruction of natural fuels and materials 
particularly those which yield sulphate. 
The contrast between extra- tropical and tropical 
precipitation chemistry 
The ranges of pH values of rain measured in 
NE Queensland and in Canberra are comparable with those 
reported from the Ivory Coast (Rougerie, 1960, p . 123), 
and Surinam (Bakker, 1957b) and Scandinavia (Barrett and 
Brodin, 1955) but are hi'gher than th ose from NW England 
( Gorham, 1955) and S\v England (Atkins, 1947): 
NE Queensland pH 
Canberra pH 
Ivory Coast pH 
Surinam pH 
Lake District (Nf England)pH 
Plymouth (Sv England) pH 
Downderry (SW England) pH 
Scandinavia pH 
5 . 2 - 6 . 6 
5 . 6 - 6 . 7 
5.1 - 7 . 4 
5.3 - 6.9 
4.0 - 5.8 
4 . 0 
6.6 
4. 8 - 6.6 
While the Lake District and Plymouth samples 
are affected by pollution causing acidity the Downderry 
and Scandinavian samples are probably representative of 
natural rain in northern temperate latitudes. Highly 
alkaline pH values were measured in Guinea, a pH of 9 
at the beginning of the storm, falling to 8.5 to 6 . 8 
after about half an hour of rain (Tricart, 1965, p . 37) . 
These high pH values may result from high concentrations 
of ammonia (NH4 ) . However, apart from this isolated 
example, there is no evidence that tropical rain is 
either more acid or more alkaline than precipitation in 
temperate regions. 
Precip~tation chemistry in relation to solute denudation 
Despite the difficulty of determining the exact supply 
of solutes from outside the catchment by precipitation, 
some correction for the external accession of material 
must be made . Viro (1953) estimated that about 36% of 
I 
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the total inorganic solius carried by rivers in Finland 
was derived from precipitation. Rapp (1960) assumed 
that 26% of the dissolved load in waters draining from 
K~rkevagge was so derived. The corrections applied 
to the Queensland solute loads varied from a supply of 
solutes from precipit ation equal to 70% of the total 
solute load carried by Freshwater Creek (sta 4), to 
31% of the load carried by the Barron River at Picnic 
Crossing ( sta 7). Corr·ections i n New South vales varied 
from 25% on the Sherlock River (sta 35) to 62% on Strike-
a-light Creek (sta 34). This wide r ange of the 
importance of precipitation results from many factors, 
including the solubility of rocks in the various 
catchments and the diff iculty of estimating the amount 
of rainfall in headwater areas where there are no rain 
gauges. In New South \/ales precipitation contributes 
more of the total load to the catchments with the lowest 
rates of chemical denudation even though these catch-
ments often have the highest average solute concentra-
tions. These observations confirm v.G . Anderson's 
conclusion (1945) that in areas of comp aratively high 
runoff ratio the composition of river water is influenced 
more by chemical denudation than in areas of low 
percentage runoff where the river waters have a com-
position close to precipitation. 
Similar relationships between solute load and 
supply of atmospheric salts are reported from the 
Potomac River Basin (Feltz and Work, 1962). The 
North Fork 'henandoah River at Coates Store, Virginia, 
had 68% of the total solute load derived from precipita-
tion, but also had the lowest rate of solute denudation . 
The North Branch of the Potomac River at Pinto i"i aryland 
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which has the highest rate of solute denudation, has 
only 6% of the total solute load supplied by precipi-
tation . 
Van Denburgh and Feth (1965) show that the 
role of precipitation in supplying chloride to the 
catchments in the western USA is greatest in the 
catchments nearest the N\-/ coast which r ece i ve the 
most precipitation . Even in these catchments the 
chloride supplied by precipitation only amounts to 
20% of the total chloride removed by the rivers . 
Viro (1953) on the other hand indic a tes that the 
supply of atmospheric chloride in Finland slightly 
exceeds the removal of chloride by rivers . In Queens-
land the atmospheric supply of chloride to rivers 
amounts to 70% of the total chloride removed by the 
Millstream at Ravenshoe (sta 11), and only 54 . 9% of 
that removed by the -lild further inland ( sta 12). 
In New South Wales the estimated average concentration 
of chloride in runoff wa ters from Strike- a- light Creek 
J ef',· wk..--< -... \r :;,.. L • 
on the basis of the rainfal\ · : runoff ratio would be 
18 ppm, however the measured concentra tion i s only 14 
ppm, which suggests that in that area there may be an 
actual accumulation of chloride . Problems of salt 
accumulation are common on the Southern Tablelands 
(Wagner, 1957) and very high concentrations of salt 
occur in small catchments, such as Yarralumla Creek 
where concentratibns of over 300 ppm occur at low flows. 
Van Dijk (1965) has described local areas of salt 
accumulation in the Yar ralumla Creek catchment, 
Basinski (1960) recognising simila r effects in the Yass 
Valley . In the Robe r tson a r ea on the other hand, 
only 49% of the total ' chl oride removed by the rivers 
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is supplied by precipitation . 
Similar variations in the atmospheric supply 
and fluvi atile remova l of solutes are found when the 
other ions are considered . The potassium removed by 
NE Queensland rivers approximately equals the amount 
derived from rainfall, except at stations 4, 5 and 7 
where the supply from r ainfall exceeds the volume removed 
and at station 12 where only 60% of the potassium 
removed is derived fro m· precipitat i on . There appears 
to be a net accumul a tion of pot assium in all the New 
South fales ca tchments . Viro (1953), however, finds 
that only 55% of the potassium in Finnish Rivers is 
derived from precipit a tion . These results indicate 
the possibility tha t the p otassium measured in rain in 
eastern Australia is being taken up over the catchment 
area, and washed down again . In other words, it is 
not a true accession to the catchment but merely a local 
circulation, and in fact there may be a net loss of 
potassium from the catchment. 
Examination of the relative proportions of 
other ions in precipitation and river waters in easter n 
Australia would reveal simil a r anomalies and contrasts . 
It suggests tha t closer examination of this phase of 
the geochemical cycle is needed before a reliable 
estimate of the supply of solutes to catchment areas 
by precipitation may be made . 
THE RELATIONSHIP OF WATER QUALITY TO GEOLOGI C 
CONDITIONS 
In general the chemical composition of river 
water provides some information on the soil and rocks 
through which the river has flowed (Rainwater, 1962) . 
Sioli ( 1951a, b, 1954 , 1964) has recognised close 
': 
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relationships between water types and geology and soils 
in the Amazon Basin. General correlations between rocks 
and water chemistry appear readily on the scale of the 
conterminous U A or the Amazon basin, but in smaller 
areas, where clima te and lithology are less diverse, the 
sub- divisions between different water types are less easy 
to define. 
Hack (1960) provides typical analyses for 
waters draining quartzite, igneous, sandstone - shale and 
carbona te rocks in the Shenandoah Valley. The lowest 
concentrations of solutes are found in waters draining 
the resistant qu a rtzite and the highest in waters from 
carbonates . The Ca+ Mg ratio is lowest in waters from Na+ K 
i gneous rocks and highest in those from carbonate rocks , 
while silica concentrations are highest in the waters 
draining igneous rocks . 
In an attempt to find similar relationships 
between geologic conditions and water chemistry in 
Australia the ca tchments studied in eastern ustralia are 
subdivided into the following broad categories : 
sedimentary rocks, basalts, g ranites, metamorphics and 
rhyolites, the analyses for each category being illustra-
ted by the histograms of fig 63 permitting the comparison 
of the silica content with concentrations of metal ions . 
The Ca+ Mg ratios are lowest in wa ters from Na+ K 
granites with an average of 0.52 and highest in those 
from sedimentary rocks with an average of 1.94 . The 
average ratios in the other three categories are 
metamorphic rocks 0 . 69, rhyolite 0 . 74 and basalts 1. 08 . 
The significance of the differences be tween the ratios 
of the va rious c a tegori es wa s tested by calculating 
Student ' s t for each pair of lit h ologic groups . The 
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probability of random values falling outside the limits 
+ tin each pair are 
m~~%~ry Basalt Granite m~r~flic Rhyolite 
S ed imen t ary 0 . 001 0 . 001 0 . 05 0 . 01 Basalt 0 . 001 0 . 001 0 . 3 0.3 Granite 0 . 001 0 . 001 0 . 7 0 . 5 Metamor phic 0 . 05 0 . 3 0 . 7 0 . 9 Rhyolite 0 . 01 0 . 3 0 . 5 0 . 9 
There is a clear distinction between the com-
position of wa ter from_ sediment a ry rocks and that from 
other rock types . \·/ate rs fro m basalt differ signifi-
cantly from those from granite . The small differences 
between wa ters from metamorphic and rhyolite and those 
from other rocks are evident from the histogram s on 
fig 63 which show tha t the composition of waters in 
these two categories is between tha t of granite and 
basalt derived wa ters. 
It was thought that part of the difference 
between water from seuimentary rocks and water from 
other rocks could arise from climatic effects, 
particularly concentration by evaporation, as all the 
catchments on sedimentary rocks are in New South Wales 
and as mentioned in Chapter Seven some samples were 
obtained at very low flows when evaporation effects 
were prominent. A comp a rison of all~:: ~g ratios 
for Queensland with those from New South -Jal es showed 
that although the means are 0 . 52 and 1.46 respectively , 
the probability of random values falling outside the 
limits+ tis 0 . 02 . . Ca +__tlg The contrasts in Na+ K due 
to lithologic influences are thus grea ter than those 
due to climatic factors . 
Climatic factors are important in the 
Na: Ca ratio in New South Wales . A simple va riance 
ratio test shows tha t there is a highly significant 
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differenc e between the mean Na:Ca ratios of 5.19 for 
Queensland and 1. 37 for New South \vales. Comparison 
of Na: Ca ratios on a lithologic basis show much less 
significant differences than those in Ca + Mg ratios . 
Na+ K 
The probability of random values of Na : Ca ratios 
falling outside the limits± tin each pair of litho-
logic groups are : 
Sedi- Meta-
mentary Basalt Granite morphic Rhyoli te 
Sedimentary 0 . 1 0.02 0.1 0.05 Basalt 0. 1 0.05 0.3 0.4 Granite 0 . 02 0 . 05 0 . 4 0.2 Metamorphic o. 1 0 . 3 0 . 4 0. 8 Rhyolite 0.05 0 . 4 0 . 2 0.8 
Again the differences are greatest between waters from 
sedimentary rocks and those from other rock types, but 
in this case the ratio may be affected by evaporation . 
There is also some difference between the Na: Ca ratios 
of b2salt and granite derived waters the mean ratios 
being 2.28 and 5 . 98 respectively . 
Another major contrast in water quality in 
New South \·/ales and Queensland is provided by the Na: Cl 
ratios. The highest Na :Cl ratio in Queensland is 1.00 
at station 1 on Davies Creek but the lowest Na: Cl ratio 
in the catchments of the Southern Tablelands and Highlands 
of New South \'/ales (sta 30- 38) is 1. 19. The Na: Cl 
ratio of the Robertson area streams (sta 25-29) range 
from 0 . 79 to 0.87 and are thus si milar to those of 
Queensland rivers . Eriksson (1955) suggests that 
Na : Cl ratios of river and rainwater should be 
comparable . The Na :Cl ratios of Queensland rainfall 
samples are all less than 1. 0 ranging from 0.35 on the 
Herberton Range to 0 .72 at Atherton. As the New 
South \-/ales rainfall samples also have Na: Cl ratios 
., 
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of less than 1 . 0 and the average Na: Cl ratios of both 
areas are 0 . 54 there seems to be no difference in the 
supply of sodium and chloride from precipitation in the 
two areas. The difference may partially arise from 
the affects of evaporation for the highest Na: Cl ratios 
in individual samples collected from New South \/ales 
s t reams tend to be in samples collected at low flows . 
This however is not the case in Queens land streams, 
for example, at St ation 12 Na: Cl ratios fluctuate around 
1.00 ranging from 0 . 95 at the highest discharge sampled 
to 0 . 99 at the lowest with extreme values of 0 . 67 and 
1. 18 . On the Condamine River ut Dalby (Simmonds, 1963) 
Na : Cl ratios average 1 . 67 at high discharges and 0 . 53 
at low flows showing a trend opposing to that in New 
South Wales Rivers . 
In the discussion on the relationship between 
precipitation chemistry and river water quality it was 
shown that there is a net accumulation of chloride in 
the Southern Tablelands . One possible explanation of 
the high Na : Cl ratios in the area is that more chloride 
than . sodium supplied by precipitation is retained on th e 
catchment surface and thus rivers carry more sodium 
than chloride . An alternative explanation is that in 
these Southern Tablelands waters, which contain at 
least as mu ch calcium and magnesium as sodium, an ion-
exchange occurs in the soil zone, calcium and magnesium 
being removed from the water and sodium added so 
creating an excess of sodium over chloride. 
Classification of water types from Queensland and 
New-South \fal es 
Mos t of the Que ensland waters have a dominance 
of sodium chloride . At all Queensland stations except 
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Na + Cl . 7, 12 and 22 the Ca+ Mg+ K ratio exceeds 2. 0. At 
the three other stations, all on streams draining some 
basalt country, the Na+ Cl K ratios are between 1.0 Ca + Mg + 
and 2 . 0 . The New South /ales waters are less dominated 
by sodium chloride . The five Robertson streams (sta 
Na + Cl 
25-29) have Ca+ Mg+ K ratios comparable to those of 
the three Qu eensland stations with ratios between 1.0 
and 2 . 0 . Only two stations on the Southern Tablelands 
( t 32 d 33) h Na + Cl t . d. 1 0 s a an ave Ca+ Mg+ K ra ios excee ing . 
while at the remaining seven stations the ratios range 
from 0~70 to 0.96. 
The New South Wales waters are types inter-
mediate between sodiwn chloride and bicarbonate waters . 
However most Australian surface waters are sodium chlor-
ide types . W. D. Williams ( 1965) remarks that "Unlike 
the situation in many other arid or semi- arid regions, 
it appears that all Australian inland saline waters 
are remarkably homogeneous in composition all being 
entirely domin2.ted by sodium and chloride ions" . 
One feature of the importance of sodium chlor-
ide in the composition of Australian su rface waters is 
that Ca+ Mg ratios are lower than in waters elsewhere :-Na + K 
NE Queensland 
SE New South Wales 
Condamine at Dalby, Qld 
(Simmonds, 196 3) 
Ca + Mg ratio 
Na+ K 
range 0 . 18 - 1.58 
range 1 . 03 - 2.07 
average 1. 25 
Adelaide Plains, South Australia range 1. 07 - 1. 90 
(Mil es, 1952) 
Shenandoah Valley, Virginia 
(Hack, 1960) 
average 31 .80 
Eagle Creek, Arizona (Hem, 1959, average 2.84 
p . 55) 
Salt River, Arizona (Hem, 1959, 
p.88) 
Cumberland River , Kentucky 
(Hem , 1959, p.77) 
average 
average 
0 . 53 
6 . 72 
Chillagoe Creek, NE Queensland average 4. 82 
Bluewater Holes , S\·/ New South Wales average 25. 00 
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The only analysis from the United States which has a 
ratio comp a r able with the NE Queensland r a tios is the 
Salt River which has an averaGe total dissolved solids 
concentration of 597 ppm, quite different from the very 
fresh NE Queensland waters . Eagle Creek drains igneous 
rocks comparable to those in many Australian catchments 
but the ratio is higher than those of Australian waters 
from igneous rocks . Only wat e rs from calcareous rocks, 
such as the Chillagoe Formation in Queensland and the 
limestones around the Bluewater Holes on the Cooleman 
Plain in the headwaters of the Goodradigbee catchment , 
have~:! ~g ratios comparable with those from the 
U. S. A. such as the Cumberland River draining the 
Kentucky Karst . 
Anplication of Sioli's Amazonian river tvnes to 
Australian Rivers . Sioli (1964) recognises three 
principal water types in Amazonia, white water rivers 
which have high solute loads and are muddy and turbid , 
clear water riv e rs which are transparent, yellowish to 
green, and black water rivers which are transparent but 
the colour of black coffee . Sioli rel a tes these water 
types to particular catchment conditions, white water 
rivers coming from mountain areas which supply large 
volumes of sediments, clear water rivers drain old 
massifs and Tertiary sediments while the black water 
rivers drain areas of negligible relief such as old 
peneplains . These simple subdivisions on the basis 
of colour are difficult to apply directly to the small 
NE Queensland catchments and the t able of typical 
chemical composi t ion of the three water types (Sioli and 
Klinge, 1962) has been used to classify the NE 
Queensland streams . 
al 
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The majority of NE Queensland streams (sta 
1-5, 6-9, 11-16, 20 and 22) are white water rivers 
with steep turbid courses and discolouration by sus-
pended matter at high flows. The clear water rivers 
(sta 6, 10, 17-19, 21, 23 and 24) are mainly small 
slow moving streams, such as the Walsh on the 
Herberton Range (sta 6) and the Millstream near the 
Evelyn Highway (sta 10). The pH of these waters is 
slightly less than that of the white water rivers. 
These slower moving streams contain more organic 
matter than the swift flowing white water rivers and 
the lower pH may arise from acidity connected with the 
organic watter . However as lithologic variations in 
NE Queensland are far less than those in Amazonia, 
distinctions· between water types are less marked and 
more rigid criteria than those presented so far by 
Sioli would be needed for a more accurate classification 
of tropical river waters. 
RH'10VAL OF SILICA BY STREAMS 
One of the major discussions 01 the dynamic 
geomorphology of the humid tropics has centred on the 
relative rates of removal of silica in tropical and 
temperate regions. Unfortunately the literature on the 
physical chemistry of silica mobility under natural 
conditions is scattered and patchy. The silica 
concentrations observed in east Australian streams 
provide a means of testing ideas based on work elsewhere. 
The most striking ch. racteristic of the silica concen-
tration is that it does not decrease systematically 
with increasing discharge . For example, the silica 
concentration at both the maximum and minimum disch ~rges 
sampled on the \-/ild River (sta 12) was 4 ppm, although 
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t he r e was a range of concentrations from 2 to 14 ppm 
in the samples from the 'iild River . So irregular is 
the variation in silica concentration tha t it appears 
1-k .\ -..i. 
completely independent of discharge, unli k~oth'er 
solutes which become less concentrated as discharges 
increase . Fig 64 shows the silica and calcium concen-
trations of water samples from the Barron River at 
Picnic Crossing (sta 7) plotted against discharge . 
There is a very marked dependence of calcium concentra-
tion on discharge 7 indicated by the regression line 
plotted by inspection. 
The lack of variation in silica concentration 
with discharge makes it reasonable to assume that the 
silica concentration of a river is more or less constant, 
and that by applying the average silica concentration 
to the mean annual discharge , an estimate may be 
obtained of the mean annual rate of removal of silica. 
The results of this calculation for the catchments in 
eastern Australia where there are sufficient data are 
set out in t able 36 . Silica forms a much higher 
proportion of the total dissolved load from the 
Queensland catchments than from the New South lfales 
catchments, the percentage of the total dissolved load 
accounted for by silica removal varying from 29 to 94 
in Queensland but from 15 to 39 in New South \vales . 
These estimates indicate that in areas of comparable 
runoff rates and lithology, greater amounts of silica 
are removed in the tropical area . Before proceeding 
further to analyse possible reasons for this contrast 
it must be stressed that the figures in table 36 are 
only estimates . In many cases runoff of ungauged 
streams is estimated and an error of one ppm in the 
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determination of the silica concentration could mean a 
considerable difference in the estimated rate of removal . 
Effects of temperature and pH on silica solubility 
The difference in the rates of silica removal 
in Queensland and New South iaJ,.es is significant at the 
1% level and despite these procedural caveats would 
;.-, 
hardly seem~ result entirely from possible experi- · 
mental error. The basic reason for the greater 
silica loads of the NE Queensland rivers is the greater 
concentration of silica in solution . According to 
Siever (1962) solubility of silica increases with 
increasing temperature; at 5°c the solubility of 
amorphous silica is 60 ppm, at 25°c it is between 120 
and 140 ppm. The solubility of quartz is less than 
one tenth that of amorphous silica in the same 
temperature range (Krauskopf, 1959). On the other 
hand, Carbonnel (1965) suggests that temperature only 
begins to affect the sili.ca content of water at 35 °c 
and above. 
Silica solubility is independent of pH below 
about 9.0, but at pH values above 9 . 0 silica solubility 
starts to increase rapidly with a rise in pH, primarily 
as a result of the formation of silicate and metasili -
cate ions (Siever, 1959) . Older views of silica 
solubility based on the work of Correns and followed 
widely in the geochemical and geomorphic literature 
(Mason, 1958, Bakker, 1~57a , 1957b) suggested that 
silica solubility increased rapidly between pH 6 and 8 . 
The present investigation supports the view that silica 
solubility is independent of pH in the range of pH 
values normally encountered under natural conditions in 
the two study area~. 
I 
'I~ 
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Although rivers have much higher silica con-
centrations than the ocean (Bien , Contois and Thomas, 
1959), they contain far less silica than would be 
expected from laboratory experiments and are usually 
markedly undersaturated (Krauskopf, 1959). Neverthe-
less, the weathering of silicate minerals is known to 
contribute l a rge amounts of silica to solution, even 
though the mechanism of the process is unknown. In 
the absence of contrary data there seems to be no reason 
to postulate any limit to amount which could be dissolved 
short of the equilibrium solubility of am orphous silica 
(Krauskopf, 1959) . Many authors such as Carbonnel 
(1964b) regard the dissolving of silica, either from 
solid silica or silicate minerals a very slow process , 
and perhap s part of the reason for low silica concentra-
tions in natural waters is the slowness of the process 
compared with the rate of accession of rainwater . 
However silica concentrations in waters from springs in 
basalt country on the Atherton Tableland and at Mount 
Darragh, New South 1ales are not much higher than those 
in nearby rivers . 
S. N. Davis (1964) argues an opposing case that 
there is a rapid natural dissolution of silica, 
pointing to the lack of change of silica concentration 
with increasing discharge as evidence of a rapid 
acquisition of silica by sto rm runoff . One argument 
he presents is the greater solubility of t he large 
surfaces of suspended particles in turbulent flood 
waters. However silica concentrations in streams 
such as the lvild ( sta 12) and Mill st ream ( sta 11) which 
carry large concentrations of suspended matter in flood 
are not noticeably greater than those in streams which 
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transport lower concentration of suspended sediment 
such as Behana Creek (sta 5). 
This conflicting evidence and theory makes 
the comparison between NE Queensland and SE New South 
Wales difficult . The tempera ture f actor is probably 
import ant, and in Strike-a-light Creek (sta 34) the 
lowest silica concentrations were found when the water 
temperature was lowest (fig 65) despite considerable 
variations in discharge at the time of sampling. 
Only one anomalous point appears on the graph in fig 65 
when a concentration of 2 ppm was observed at a tempera-
ture of 22°c . This may be due to an error, as all the 
other points show a trend to low concentrations at low 
tempera tures . A diurnal variation in river water 
tempera ture of some 6°c on the Barron River (sta 7) does 
not affect silica concentrations . The seasonal 
variation illustrated by Strike-a-light Creek does 
however appear to be important and suggests there may be 
areal variations in silica concentrat ion due to 
temperature . 
Rougerie (1961) makes the comparison between 
Ivory Coast and Limousin, France, finding higher con-
centrat ions of silica in stream waters in the tropical 
areas. He argues that while temperature affects the 
silica concentrations of ground wa ter, the concentrations 
of surface waters are affected by rainfall and 
evaporation. The same phenomenon is observed in 
eastern Australia , but the same causes do not apply . 
If the concentra tion of silica in surfa ce waters is 
affected by evaporation and rainfall, then a decrease 
in concentration would be expected in flood waters . 
This does not occur . Rougerie examined a lowland area 
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of low relief in the Ivory Coast, and suggested that the 
tropics are an area of st agnant or slowly moving waters . 
The situation in the dissected area of NE Queensland is 
quite the opposite, with very rapid circulation of 
flood waters following heavy rains. 
Rougerie ' s silica concentrations ranging 
from 11 . 3 to 26.7 ppm are much higher than those found 
in Queensland streams . The catchment in which silica 
concentrations approach this level i n Douglas Creek 
(sta 22) which has the lowest catchment relief and 
ruggedness number of any of the Queensland catchments . 
This suggests that Rougerie ' s conclusions may be valid 
for the low relief areas he examined, and that in the 
mountainous ca tchments, silica concentrations are 
affected by slightly different combinations of factors . 
Temperature appears to affect the solution process and 
it seems that in Australia streams with equal mean 
annual runoff have higher yields of dissolved silica 
in the tropical area . This is in agreement with the 
general conclusion expressed by Corbel (1957a) that the 
r ate of removal of silica is slightly greater in the 
humid tropics than humid temperate areas . 
Comparison of the silica loads of east Australian 
rivers with those of rivers elsewhere 
Table 37 shows the results of calculations 
of silica removal rates mad e by Corbel (1957b) . The 
pattern is similar to that found in eastern Australia , 
with the highest rates of silica removal in the humid 
tropics . Rates almost as high occur in wet cold 
climates with warm summers, as in the Snowy Catchment 
and in the Anchorage district of Alaska. 
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Variations in the silica load of rivers 
Although the evidence from eastern Australia 
shows that silica concentrations do not vary with 
discharge, Carbonnel (1965) demonstrates that there 
is a marked seasonal variation in the silica concentrat-
ions in rivers draining into the Grand Lac Cambodia . 
The concentration is great est a t low flows, and minimal 
~~/ 
iA floods . He argues from th . !W' data that the solution 
of silica is not instantaneous nor constant throughout 
the year, but that it talces place slowly as a result of 
the long contact between water and rock . In this he 
confirms the arguments of Rougerie (1961) and Krauskopf 
(1959) . However, he fails to relate the concentrations 
, 
to the discharge and if he had done so, he would 
probably have found that more silica is removed in flood 
waters than at low flows . 
Silica load in relation to lithology 
The supply of silica to ground water and 
surface water is related to the movement of silica with-
in the soil. Thus the quantity and form of silica in 
the soil are important . Considering the relationship 
between rocks and the chemistry of waters circulating 
within them, Schoeller (1962, p.351-370) shows that 
silica concentrations in granite waters range from 23 
to 57 ppm and in basalt waters from 23 to 70 ppm. 
He suggests that the greater concentra tion of silica 
in basalt waters arises because the solvents in basalts 
are less acid . The average silica concentrations 
in the five lithologic groupings used earlier in this 
chapter were: 
II 
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Sedimentary rocks average 5 . 0 ppm range 3- 8 Basalt It 5.0 II n 2- 11 Granite It 7. 1 II II 5-1 0 Metamorphic rocks It 5.7 II II 4- 7 Rhyolite 
" 6 . 3 II II 3- 9 
showing that contrary to Schoeller ' s observations 
silica concentrations in Australian waters are higher 
in those from granite than those from basalt . 
Comparing each pair of mean values using St udent ' s t 
it was found that the probability of random values 
V falling outside the limits + t were . . 
Sedi- Meta-
mentary Basalt Granite morphic Rhyoli t e 
Sedimentary 0 . 02 0 . 6 0 . 5 Basalt 0 . 1 0 . 8 0 . 6 Granite 0 . 02 0 . 1 0 . 2 0 . 4 Metamorphic 0 . 6 0 .8 0 . 2 0 . 8 Rhyolite 0.5 0 . 6 0.4 0 . 8 
This table shows that there is a greater difference 
between silica concentrations in rivers from sedimen-
tary and granitic rocks than in those from basalt and 
granitic rocks . The difference between basalt and 
granite derived waters is nevertheless sufficiently 
marked not to be due to chance or experimental error . 
That lower silica concentration are found 
in waters draining most sedimentary rocks ha s been 
mentioned in Chapter Seven . Hem (1959, p . 53) 
comments that the minerals that give up silica upon 
alteration by water are most common in igneous and 
metamorphic rocks but also may be found in incomplete-
ly leached resistate and hydrolyzate sediments and 
in lesser amounts in precipitates and evaporates . 
He also lists the t ype of clay mineral formed by 
weathering as one factor affecting the degree to 
which silica is t aken into solution . This clay 
mineral factor is thought to account for the 
I' 
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difference in silica concentrations of waters from 
granites and basalts in eastern Australia . 
Comparison of the few available analyses of 
rocks in NE Queensland (Joplin, 1963) shows that the 
Si02 content of basalts is about 47% and that of 
granites about 70%. Field inspection shows that the 
depth of weathered material on basalt exceeds that on 
neighbouring granite outcrops . As the basalts are 
younger than the grani t ·es , it is unlikely that the 
greater depth of weathered material is the product of a 
longer period of weathering and thus it is probable that 
the basalt weathers faster than granite . If this is 
so at least as much silica may be weathered in a given 
time from basalt as from granite . However the silica 
from basalt is not removed by drainage waters, but is 
held in the soil in clays . 
The presence of more aluminium in basalt rock 
(about 18% as opposed to about 14% in granite) 
facilitates the formation of kaolinite which has an 
Thus if all available 
aluminium combines with silica to form clay a volume 
of silica equivalent to 36% of the basalt rock would 
be so used . This leaves only 11% of the chemical 
content of basalt in the form of uncombined silica. 
If the same procedure is applied to granite the 
silica used in kaolinite formation is only 28% of the 
rock leaving 42% unaccounted for. Much of this 
remaining volume is in the form of quartz which is 
less readily soluble than silica te minerals; however, 
there remains a surplus of silica to enter solution 
and thus supply more silica to d rainage waters than 
is derived from basalt rocks . 
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The r ol e of silica in morphogenesis 
The importance of petrochemistry demonstrated 
by the discussion of basalts and granites in NE Queens-
l and shows tha t a simple morphoclimatic pattern of 
silica removed by rivers is uns a tisfactory . As the 
s i l ica contents of rocks vary , the potential chemical 
evolution on weathering differs . This ch emical 
evolution is fundamental to morphogenesis determining 
the material on wh i ch mechanical agencies operate . 
Rocks vary in their resistance to this rock- rotting 
proc ess and thus this chemical decay is a major facto r 
rk 
in changing resistance to denud a tion of different rocks 
under various climates as described by Birot (1949) . 
The data on Australian waters, soils and rocks 
are too few to permit the full evaluation of the r elative 
roles of lithology and climate in morphogenesis. 
The provisional conclusion from this comparison of NE 
Queensland and SE New South Wales is that all rock 
types are more subject to chemical decay and erosion 
in the wetter, tropical area. 
WATER QUALITY Mm THE GEOCHEMI CAL CYCLE 
The movement of any p articular solute through 
the terrestrial phase of the hydrosphere is intimately 
linked with the other solutes present i n the environ-
ment . Thus cl ay fonnation on basalt retards the 
circulation of s i lica in surface waters . The geo-
chemical cycle is in reality composed of many smaller 
open systems which lose energy or solutes at one time 
or place and gain others elsewhere . There is contem-
poraneous cycling of terrestrial salts fro m the land 
surface to the atmosphe re and back again, and recycling 
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of oceanic salts from the sea back to the sea. On a 
different scale solutes are released from sedimentary 
rocks and transported to the oceanic environment in 
which those sediments were originally formed . The 
study of cheillical denudation has to take into account 
these varying phases of solute movement. 
In this chapter some aspects of the origins 
of river water chemistry have been discussed . The 
chemical composition of river wa t er i s a measure of the 
total effect of the environment, but the full analysis 
(v 
of the geochemical cycle requires fft r more data than 
analyses of river waters provide . The neglect of 
bi o- chemical changes in soils and waters is a major 
handicap, particul arly as the importance of biotic 
factors in the release of elements from rocks and soils 
is well known (Keller, 1961, Keller and Frederickson , 
1952). 
Examination of the relationship between catch-
ment lithology and water chemistry provides both 
qualitative and quantitative data to explain variations 
in the rates of solute removal from different catchments. 
It shows that in some cases lithologic variation may 
obscure the effects of climatic variation . 
., 
CHAPTER TEN 
FLUVIAL PROCESSES AND MORPHOLOGY IN NB 
QUEENSLAND AND THEIR RELATION TO RIVER 
BEHAVIOUR AND FORM IN OTHER TROPICAL 
AREAS 
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The quantitative studies of the volumes of 
material removed by rivers from their catchments dis-
cussed in Chapters Six, Seven and Eight have shown 
that the greater rate of denudation in NE Queensland 
than in SE New South Wales can be correlated with the 
greater seasonality and volume of precipitation in the 
northern area . Although temperature has been shown 
to be probably of some i mportance in the chemical 
weathering of silica tes, it has also been suggested 
that the rate of denudation is not necessarily equal 
to the rate of weathering, and that in fact the rate 
of denudation of one rock may exceed that of another 
rock which weathers much more rapidly. The rate of 
fluvial denudation is little affected by temperature 
and the higher r a tes of denudation of the NE Queensland 
catchments are due more to precipitation than to 
t ropicali ty. 
Relative importance of chemical weathering 
The apparent contradiction between rate of 
weathering and rate of denudation is well illustrated 
by Livingstone's (1963a) estimates of global rates of 
chemical denudation . Table 38 shows the estimated 
chemical loads removed from the continents and the 
mean annual runoff . The striking feature is that 
South America, the wettest continent with the largest 
intertropical rain forest area (Richards, 1952, fig 2) 
is estima ted to have a lower rate of chemical denudation 
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than North America and Europe which are almost wholly 
north of the tropics. Livingstone suggests that the 
high rate of chemical denudation in Europe may be 
affected by glacial deposits which cover a relatively 
large section of that continent. It is not clear 
whether Livingstone has made any allowance for accession 
of oceanic salts to continental areas in his calculations, 
but even if he has not, these corrections would 
probably not alter the picture of greater rates of 
chemical denudation in the extra- tropical areas . 
A comparison of the relative importance of 
dissolved and suspended loads in the eastern Australian 
catchments (table 39) reveals a further interesting 
contrast between the tropical and extra-tropical areas . 
The suspended load contributed more to the total rate 
of denudation in the tropical streams . Even though 
the importance of the chemical load has probably been 
underestimate~ by over-correcting for accession of 
salts from rainfall, as discussed in Chapter Nine, this 
underestimate probably causes much the same error in 
all catchments. The only E New South Vales catchment 
in which suspended sediment load exceeds dissolved 
load is Strike-a-light Creek (sta 34) which has a 
particularly abundant sediment supply from the erosion 
of alluvial terr2ces . Suspended load exceeds 
dissolved load much more of the time and in absolute 
quantity on most of the major NE Queensland streams . 
This is a somewhat surprising contrast for 
the less vegetated drier extra-tropical area, where 
mechanical erosion might be thought to be more important, 
is in fact denuded more effectively by solute removal 
than by _loss of suspended matter. The efficiency of 
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solute denudation in the humi d tempera te environment 
is well - known from the early work of Hjulstrgm (1935) 
who clearly showed that the removal of material in 
solution by the Fyris greatly exceeded the removal 
in suspension . However, there is abundant evidence 
of the efficiency of chemical weathering processes in 
the humid tropics. The great depth of weathered 
regolith is evidence of this in situ change in mineral 
composition. Deep weathering and in tense biochemical 
decay are part of the classic view of morphogenesis 
in the humid tropics : 
The virgin rain forest controls all the 
geologic processes of the constantly 
humid tropics .... Under its protective 
cover mechanical weathering and soil 
erosion cannot occur .... Chemical decay 
is extraordina rily active, and deeply 
weathered red soils and laterites 
develop . (Krynine , 1936) 
Yet despite this evidently powerful chemical weathering 
of rock, the removal of dissolved matter is not relative-
ly more i mportant in the total denudation by tropical 
rivers, nor quantitatively much greater than the 
removal of dissolved matter by extra- tropical rivers 
draining catchments of simila r lithology and rainfall . 
The difference in the rate of removal of solutes from 
the basalt catchments on the Atherton Tableland and at 
Robertson is significant only at the 5% level (table 28) . 
CHARACTERISTICS OF TROPICAL RIVERS 
The foregoing rema rks indica te that the rates 
of removal of dissolved and suspended matter by 
tropical and extra-tropical rivers in areas of equal 
effective precipit a tion differ little . This lack of 
difference in the ne t yield of se i ment from tropical 
and extra - t_ropical catchments might be taken as an 
,! 
• 
274 
indication of negligible differences in the processes 
of sediment supply to rivers. On the other hand , the 
literature on tropical rive r s emphasises the contrasts 
between tropical and extra- tropical streams . Two main 
features differentiating tropical and extra- tropical 
rivers are prominent, the persistence of rapids and 
waterfalls low down in the courses of major rivers 
(Bakker 1957a, 1965, Birot, 1959, 1960 and Tricart 
1957, 1959c, 1965), and the small grain size of 
material carried by tropical rivers outside mountain 
areas (Allen, 1965 , Nossin, 1964, 1965) : 
Les alluvions des cours d ' eau intertropicaux, 
'a l ' exception de ceux de certains types de 
montagnes, sont ..... pauvres en galets (Tricart, 
1965, p . 82). 
Waterfalls in NE Queensland 
NE Queensland is a land of waterfalls . 
Fault blocks and basalt flows produce abrupt changes 
of slope, many waterfall sites corresponding to the 
transition from the basalt flow to underlying rock as 
at the Ivi illstream Falls, SW of Ravenshoe, or to the 
coastal fault margin, for example, the Barron Falls 
near Kuranda . As suggested in Chapter Four the usual 
explanation of these waterfalls and associated stream 
patterns has been in terms of rejuvenation, river 
capture and disruption of drainage by basalt flows . 
However, these irregularities in stream profiles may 
be due to lithologic varia tions unrelated to tectonic 
or eustatic changes. 
Falls in ~~jor rivers . The positions of majo r water-
falls on the largest rivers of the area warrant dis-
cussion in the present content . The Barron Falls are 
only 15 lan from the sea, the Tully Falls 57 km and th e 
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He rbert Falls 100 km inland . According to the 
generally proffered explanation, these falls all result 
from headward erosion of rejuvenated streams following 
the downfaul ting of the coastal plain. Although the 
margin of the coast al range varies in distance from 
the sea along the coast, the break is never more than 
20 km inland . There is thus a striking difference in 
the amount of back cutting of these streams - 6 km on 
the Barron, 38 km on the Tully and 60 km in the Herbert . 
As it is probable that faulting along the 
coast took place roughly at the same time in the 
vicinity of all three rivers, the initiation of water-
falls on all three streams may be assumed to have 
occurred at roughly the same time. The differences 
in the subsequent amount of backcutting must arise 
from the structure of the rocks thr ough which the 
rivers flow and the discharge of the rivers . 
The Tully and Herbert Rivers flow along 
major fault lines1 unlike the Barron which traverse s 
the metamorphic r ocks of the Kuranda Range at a place 
with no obvious structural weakness. The development 
of the Tully and Herbert gorges proceeded relatively 
' 
rapidly by solution and enlarging of }oints in the 
fractured fault zones, although intrusions of porphyry 
along the line of the Herb ert Gorge form resistant 
bars in the channel and on adjacent ridges (Queensland, 
Office of the Chief Engineer, 1962) . Around the 
Tully gorge numerous small faults provide zones of 
readily weathe red material . Thus both Tully and 
Herbert gorges give some support to Tricart ' s idea 
that canyons in tropical a reas result from differential 
weathering and not from the recession of a waterfall 
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(1965, p .1 03). On the other hand, the Herbert River 
has many characteristics suggesting headward erosion. 
The land surface about the head of the gorge is 
remarkably level and the slope of the Herbert River 
in the black soil plains around Gunnawarra and Glen 
Eagle above the falls is very gentle. 
Another factor in the recession of waterfalls 
is the abrasion by waterial ca rried by the river from 
above the falls . In all three r ive rs there is a lack 
of coarse abrasive material. The bed of the Herbert 
River above the falls at Glen Bagle consists entirely 
of fine to medium sand . The Tully above the falls is 
a typical upland stream in rain forest country also 
carrying silt and sand sized material only. Nitchaga 
Creek (sta 14), the only tributary draining sclerophyll 
forest above the falls, supplies solely material of 
sand size or smaller. Although Danes (1910) spoke of 
large volumes of sand, gravel and pebbles being carried 
over the Barron Falls in flood and although there is a 
large amoun t of coa rse debris among the rock outcropping 
in the channel bed near Kuranda, there is no evidence 
of transport of coa rse debris over the falls during 
floods . The coarse material in the stream appears to 
be derived from local bank erosion and not to be trans -
ported from further upstream. 
The maximum recorded discharge at Glen Eagle 
of 2,920 m3/sec indicates that large volumes of water 
are avail able to evacua te weathered mc,terial . The 
contrast in discharges of the main river and tributary 
streams could explain why falls in tributaries are not 
more than a kilome tre upstream from the main river gorge. 
Although l arge discha r ges could have occurred in 
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pre-basaltic times along the main axis of the Tully 
gorge before the basalt diverted the headwaters of 
Co chable Creek~ the maximum recorded discharge at 
Tully Falls is only 500 m3/sec and the greater develop-
ment of the Herbert Gorge could therefore be explained 
in terms of greater competence at flood flows. 
Nevertheless, with a maximum estimated 
discharge of 4,250 m3/sec on the Barron River at 
Kuranda, variation in competence does not seem to be 
sufficient to explain all the differences between these 
three major rivers . Although the metamorphic rocks 
at the Barron Falls are mo re varied in composition 
than the granites at the Tully and Herbert Falls, they 
have no major joints and fractures along which water 
can infiltrate and begin rock decay . \vi thou t this 
preparatory rock rotting there is little material for 
the high flows to remove and cause recession of the 
falls . 
The features most likely to be responsible 
for these three waterfalls are the decompositi on of 
fractured rocks in the fault zones and the lack of 
abrasive bed load to cause headward recession . These 
are the characteristics emphasised in studies of rivers 
in Africa and South America. 
Carpentaria rivers. The rivers which flow into the 
Gulf of Carpentaria also show similar characteristics 
to rivers in other parts of the tropical zone . In 
this area of seasonally wet climates the rivers have 
distinct and sometimes separate flood and minor 
channels . For example, the Einasleigh River near 
Carpentaria Downs has a 10 metre wide minor channel 
with bed material of coarse sand separated by a 
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tree- covered bank from a floo d channel over 50 metres 
wide which carries fine sand. The bed of the Gilbert 
River (plate 29) is typical of the seasonal rivers, 
with a vast bed of mobile sand and a very gentle slope 
towards the Gulf of Carpentaria. 
These rivers have rapids or falls where they 
emerge from the highlands . For example on the Copper-
field River at Einasleigh (pla te 30) falls have develop -
ed where the river crosses a small basalt flow . The 
remarkable feature is that although a small canyon has 
developed through the collapse of blocks of rocks along 
the waterfall, the only material other than large 
blocks in the canyon is fine sand. 
is entirely lacking. 
Pebble size debris 
These Carpentaria streams flowing from wet 
mountain source areas into drier lowlands afford a 
contrast with rivers emerging from mountains into drier 
country in higher latitudes . Although the Mary River 
(sta 15) flowing into the Mitchell carries no pebbles 
only 3 km from the mountain section and the \'/alsh only 
sand where it emerges from the hill country at 
Watsonville 11 km west of Herberton, the Murrumbidgee 
and neighbouring streams 2000 km further south carry 
pebbles much further out into the plains. The Rhone 
and Durance are noted for the dist a nce of pebble 
transport, small pebbles being in saltation in the 
Rhone at Lyon for 20 to 40 days of the year (Tricart, 
1961a, p.11) . However, as remarked in descriptions 
of streams on the Southern Tablelands, present day 
transport of p ebbl es does not necessarily indicate 
modern supply of pebbles to channels as many of the 
pebbles now in stre am s were supplied to channels by 
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periglacial processes during the Pleistocene . 
BED LOAD MATERIAL I N TROPICAL RIVERS 
The lack of mobile material larger than sand 
observed in Queensland, African and South American 
tropical rivers may not be a general phenomenon in 
tropical areas . Verbal reports of transport of 
pebbles in 1-lalayan rivers (personal communications 
from R. Hill and J . N. Jennings) and a description of 
t he bed material of a Papuan stream , the Angabunga 
River (Speight, 1965) indicate that under some circum-
stances material considerably larger than sand size 
is transported over long distances by tropical rivers. 
At Inawauni, where the Angabunga River emerges 
from the mountains on to the Nekeo Plains , coarse 
gravel of 110 mm mean diameter is being carried down-
st ream . The size of transported material decreases 
along the meandering course through the plains and at 
Ina'owe, 42 km below Inawauni, the mean diameter is 
25 mm. The distance of transport of this coarse 
debris can be accounted for by the steep headwaters 4-
n,..._ , i.11 It 
catchment (f elief exceeding 3500 m and ~l a rge mean 
annual flow of 0.052 m3/km2/sec from an area of 2,440 
km2 . For comparison the mean annual flow of Behana 
Creek (sta 5) is 0 . 072 m3/krn2/sec from only 83 krn2 , 
and tha t of the \-Jalsh at Dimbulah only 0 . 007 m3/km2/sec 
from 1,030 km2• Angabunga River thus has greater 
competence to transport coarse debris than the NE 
Queensland streams . 
Malayan rivers such as the Pahang which 
carry coa rse debris in the plains have steep head-
,. 
water sections in fan shaped catchments which produce 
,  
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high discharges capable of t r ansporting large volumes 
of debris at flood flows . However water discharge and 
velocity are only part of the sediment transport 
mechanism . Differences in the rate of supply of debris 
to stream channels may account for contrasts in the bed 
material transport by tropical rivers . 
Bed material supply to NE Queensland streams 
The rapid change from coarse bed load material 
to sand size debris in rivers leaving their mountain 
sections was discussed in Chapter Six. The actual 
distance over which this change occurs depends on stream-
flow , lithology of material and the size of material 
supplied to the stream. As all the rain forested area 
of NB Queensland is covered with a deep mantle of 
weathered material with few fragments greater than sand 
size the supply of coarse material is restricted (plate 
31). 
Resistant quartz veins in the Barron River 
Metamorphics tend to weather into blocks 20 cm or more 
in diameter (plate 5) . Other hard materials such as 
sandstone in the metamorphics also provide pebble- size 
fragments . Basalt weathering leaves a few coarse 
fragments about 5 cm in diameter near the base of the 
weathering profile and these are often eroded out by 
deeply incised streams as occurs on the Barron River at 
Station 8 where the channel is covered with small 
fragments 1 to 4 cm in diameter . Rhyolite can supply 
pebble- size fr agments to streams, as described on 
Canabullen Creek (sta 13) in Chapter Six. Granite on 
the other hand disintegrates into sand size particles 
with the occasional quartz grain of about 1 cm diamete r 
and feldsp a rs up to 2 cm diameter (pl a te 6) . Even when 
.-----· ,... ------~------------------------------------
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large granite core- stones enter stream channels direct 
fr om erosion of the regolith, their destruction yields 
only sand size material . 
On some very steep slopes, for example 
Walsh Pyramid and the slopes of the Mulgrave valley 
west of Gordonvale, bare rock disintegrates by exfolia-
t i on and lar ge slabs of g r anit e may slide downslope and 
supply coarse fragments to streams but even these 
fragments break up into sand size particles before being 
transported far downstream. 
Carriage of coarse debris by NE Queensland streams 
The size of material supplied to rivers 
va r ies with lithology . For example Behana Creek at 
station 5 carries only sand, but the ~iulgrave River 
at Gordonvale five km further north carries coarse 
pebbles. While the material in Behana is almost 
entirely derived from granite that in the Mulgrave is 
mainly derived from metamorphic rocks . The greater 
resistance of quartzitic pebbles and very fine grained 
materials from the metamorphics explains the persist enc e 
of pebble fragments further out into the coastal plain 
on the Mulgrave . 
Such contrasts persist in all coastal streams 
in the area . The Barron has fragments up to 20 cm 
in diameter down to the high tide limit, but the 
Mossman only carries medium and fine sand in the 
coastal plain . While channel slope and water discharge 
affect the distance of transport of coarse fragments, 
the main differentiating factor is lithology which 
affects both supply of fragments and their resistanc e 
to abrasion . 
,, 
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Comparative data on bed material size and lithology 
Freise (1933) provides a table to show the 
rate of decrease in size of fragments of different 
lithology in a stream with a slope of 1 to 60 in the 
Mambucaba area of Rio de Janeiro state in Brazil . The 
most resistant material , quartzite is reduced from 
approximately 25 cm2 to 12.5 cm2 after being carried a 
distance of only 18 km . The writer has not found any 
similar details of the reduction of material , or down-
stream change in bed material size for other tropical 
rivers . The excellent studies in temperate latitudes 
by Hack ( 1957) and Nawara (1964) show that the change 
in size of bed material varies greatly, even in neigh-
bouring streams . Variations in shape and size of bed 
material depend more on the tYPe of stream than on the 
rock material, and pebbles of the same lithology behave 
differently when transported by two streams of different 
slope and streamflow velocity . Hack (1957) shows that 
there is some interrelationship between channel slope, 
drainage area and bed ma terial size, but emphasises that 
the relationship between the factors which determine 
bed material size and the long profile is such that 
they are interdependent . Similar interdependence 
between bed material size and the long profile in 
tropical rivers is illustrated by the small size of 
the material and the persistence of waterfalls . 
Bed material in tropical rivers is rapidly 
reduced in size as supply of coarse debris is relatively 
limited. Thus even though large rivers may hcve high 
velocities they do not transport coarse debris over 
long distances. In his study of fluviatile deposits 
in deltas Zonneveld (1963) notes that coarser silt si ze 
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materials are more prominent in the deltas of short, 
steep, mountainous rivers such as the Cho Sui in Taiwan 
and the Nobi in Japan than in l a rger deltas in western 
Europe and the Far East which have a high clay content. 
SUSPENDED SEDIMENT SUPPLY TO TROPICAL RIVERS 
In previous chapters it has been shown that 
high annual rates of suspended sediment removal occur 
in streams which have large discharges but relatively 
low concentrations of s·uspended s ediment, and that 
suspended sediment concentrations are greater on the 
rising stage of a flood than on the falling stage. 
Both observations imply that the transporting power 
of the stream far exceeds the supply.· of suspended 
matter. Yet with the deep regolith and dense vegetal 
cover of most humid tropical catchments it is still 
surprising that suspended load exceeds dissolved load 
in the streams with greatest depths of runoff. 
N ossin ( 196 4, 1965) shows that movement of 
water through the deep regolith in humid tropical areas 
can supply colloidal material to streams. Both he and 
Ruxton (1966) describe conditions under which gullying 
and miniature channel development may take place under 
rain forest. Surface and subsurface runoff can carry 
clay particles to the stream. Soil slumping and land-
slips may be of great importance, even though they occur 
relatively infrequently. As Nossin (1964) emphasises 
the deeper the weathering proceeds the more uns table 
I ~ 
the clayey regolith becomes, and the smaller the change 
I 
needed to break the equilibrium and thus to supply 
colluvial material to stream channels. Even when the 
equilibrium remains almost stable, there may be removal 
of colluvial material along streambanks as seems to 
; 
J 
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occur in first and second order streams on the Atherton 
Tableland. 
Observations on the floor of rain forest on 
the Lamb Range and the Herberton Range show that under 
undisturbed conditions no preferential drainage lines 
develop on slopes and if surface runoff develops it 
occurs as unintegrated flow . Movement of debris by 
surface runoff is indicated by accumulation of twig and 
leaf fragments on the upper sid e of tree trunks, but 
such accumulations are much less noticeable than in 
tempera te forests such as those of the Vosges, the 
Chilterns or SE New South \'/ales. 
Acquisition of suspended matter by runoff under 
tropical rain forest occurs where soil waters emerge 
into first order streams. At the beginning of channel 
flow water is in direct contact with soil and is able 
to remove clay particles. Intense biochemical rock 
destruction and associated clay development which 
preclude the supply of coarse bed material to tropical 
rivers favour a high supply of suspended sediment. 
That this supply is reduced by the rain forest is 
clearly shown by the enormous increase in the silt loads 
of streams following the removal of the natural vegeta-
tion. 
The cha racter of tropical rivers is thus 
intima tely related to the weathering processes which 
control the supply of debris, whether in solution or 
solid particles. The energy required to remove soil 
particles from beneath the dense vegetation cover is 
of a far greater magnitude than that which removes soil 
in exposed areas. It is thus perhaps not the truly 
equatorial tropics but the seasonally rainy tropics, 
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which experience very intense rains for a few months of 
the year, where removal ofdebris may be most effective . 
EXAMPLES OF GRANITE WE THERING IN NE 
QUEENSLAND 
To illustrate the importance of local conditions 
in rock weathering the writer made a detailed examina-
tion of two waterfalls under contrasting climatic 
conditions, Babinda Creek Falls, where the rainfall is 
over 4,000 mm per year and Davies Creek Falls , just 
below station 2, where the rainfall is approximately 
1200 mm per year . 
Babinda Creek Falls 
At Babinda the falls are developed by at least 
three interconnected mechanisms . Some pebble fragments 
are ca rried from the abundant coarse debris upstream and 
help to develop the large rock mills (pl a te 32) . 
Groundwater and river water infiltrate cracks in the 
granite bed rock and loosen the joints . Water also 
penetra tes a certain distance into the granite from the 
surface and the type of exfoliation due to wetting, 
drying an d th e rmal effe cts noticed in the Mulgrave 
catchment occurs, but more intensely as a result of 
the occasional covering of the rock by flood water . 
This exfoliation and solution along fissures result in 
large slabs of granite becoming loosened and eventually 
sliding, like massive paving stones, into the stream 
channel where they a re broken up by the turbulent action 
of water passing over the falls . 
The geochemical environment of solution at 
Babinda varies from acid to alkaline . \1at er seeping 
out through the soil profile had a pH of 5. 5 or 5. 6) 
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whereas that on the exposed surface of granite slabs 
near the falls had a pH of 8 . 4 . The water on the 
granite surface was trickling along a smooth brown-
stained groove in the surface of the slab. This groove 
appeared to have developed entirely through solution 
by this groundwater. There was no trace of joints in 
the granite which might have favoured development of the 
groove . High temperatures on the granite surface 
raised the pH of the groundwater and also favoured 
solution of the granite. 
The acid soil water which had only penetrated 
the soil to a depth of about 40 cm contained 2 ppm 
silica. The s ample was collected during intense rain 
when the water would have had a very brief contact with 
the soil . Had it been possible to sample water which 
had penetrated deeper into the regolith, higher silica 
concentrations might have been found. 
In neither of these instances wa s coarse sand 
being produced as a result of the weathering process. 
In the alkaline case the smoothness of the groxe suggest -
ed that all the rock material was being dissolved, and 
in the groundwater case the regolith was compos ed of 
fine sand and smaller particles . Coarse sand is 
supplied to rivers from the breakdown of fragments in 
the stream channel where the pH of the water is almost 
neutral, the average pH of Babinda Creek water being 6.6 . 
Davies Creek 
Coarse sand derived from granites further 
upstream, from local soil exposures and rock disinte-
gration provide considerable abras ive d ebris to Davies 
Creek above the f alls . Evidence of the abundance of 
debris carried over the falls is found in deposits of 
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sand in every rock cleft and pool below the falls . 
The range of granite forms f ound in the falls 
is simil a r to that in Babinda Creek falls except that 
surfaces a r e less smooth, potholes less rounded, rock 
bars more irregu lar in shape, and joints more prominent . 
The volume of water passing over these falls is much 
less than tha t at Babinda falls, and thus there is 
less general turbulence and mechanical energy to 
smooth the rocks. However the same preferential 
solution along joints, exfoliation of g ranite, and 
sliding of slabs into the river occur . The size of 
sl abs is noticeably smaller, as the water appears to 
penetrate less deeply into the granite, resulting in 
thinner flakes of g ranite entering the river, with a 
quicker breakdown of large fragments . 
The geochemistry of g ranite solution was 
examined in five pools which it was thought might 
provide da ta comparable to that gained by Bakker and 
co- workers (1957) from oricangas in Surinam. The wid e 
range of water quality from pools of various shapes 
and sizes (table 40) shows that none of the waters is 
markedly acid and only one alkaline, surprisingly that 
nearest the river which might be thought to have been 
the last to h ave been flushed by river water and thus 
closest in chemical composition to the river water. 
None of the pools has much dissolved silica, although 
two have hi gh sodium concentrations . 
The causes of these contrasts in composition 
are difficult to explain . Some pools contain algae and 
obviously exist for a long time, in others r a inwater may 
collect for a short time before evaporation dries the 
pool again . The floor of the pools are generally 
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covered with fine sand or silt particles which appear 
to result from the disintegration of the granite by 
solution between grains suggesting that the presence 
of the st anding water permits further solution of the 
granite. Algae may produce CO2 and favour chemical 
decomposition but at the same time act as a protective 
mat and prevent removal of detrital matter when flood 
waters sweep across the granite slabs . The varied 
water quality suggests · that the d ecomposition of granite 
takes place under both acid and alkaline conditions, 
and reinforces Bakker and his colleagues in their 
suggestion that solution of granite takes place under 
diverse conditions within a small area. 
PROBLEMS OF ESTABLISHING A GENERAL THEORY OF 
TROPICAL RIVERS 
This discussion on the morphology and behaviour 
of tropical rivers probably throws up more questions 
than it answers. It points to the scattered observa-
tions, the negligible amount of quantitative data, and 
to the complexity of the factors involved . Until 
general theories take adequate account of the wide 
variety of wet tropical climates the significance of 
such fact ors as lithology and we a thering processes for 
channel form and sediment load will not be fully under-
stood . 
The climatic contrast between Babinda and 
Davies Creek produces changes in river morphology and 
further contrasts can be found throughout NE Queensland. 
The broad cha ract e ristics of the factors which are 
important in the tro pics have been described reasonably 
adequately by the French geomorphologists, now detailed 
examples are required to test their conclusions, and to 
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provide the links to fill in the picture between the 
general case and the specific case which may not fit, 
such as the transport of gravel in some ~1alayan and 
New Guinea rivers . The writer thinks that the 
explanation lies in the relationship between debris 
supply and transporting energy, but as the examples 
from other latitudes suggest, the factors which a re 
important in one catchment may not necessarily be equally 
important in the next. More accurate definition of 
the processes involved and more examples of their 
effects are required before a model of the fluvial 
geomorphology of humid tropical areas capable of being 
used for prediction can be established . 
CHAPTER ELEVEN 
CONCLUDING DISCUSSION 
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Several aspects of the denudation systems of 
NE Queensland and SE New South Hales have been discussed 
in the preceding chapters. The inforu1ation obtained 
during the course of the investigations in eastern 
Australia has enabled some processes and their effects 
to be described more accurately, but on the other hand, 
many new problems have· emerged, and the importance of 
the other unknown factors, such as the supply of solutes 
from precipitation and the amount and nature of bed 
movement, has been emphasised. This ch apter seeks to 
re-examine the concept of the denudation system outlined 
in Chapter One, and to show how studies of the rate of 
denudation answer some of the problews and fail to 
account for others. 
DENUDATION RATES AND LAN.u FORlV EVOLUTION 
IN SP ACE AND TIME 
The rates of denudation calculated in this 
study give the net result of the operation of the varied 
processes of the denudation system. They do not 
provide a measure of the total erosion of surfaces 
within the catchment as a portion of the material 
removed from slopes is deposited elsewhere in the 
catchment. This gross volume of material detached 
from surfaces is of considerBble importance to geo-
morphic studies as it is a feature of the gradational 
process, of the destruction of rock material and rl,.. 
reduction of irregularities of the land surface. In 
some cases, such as Strike-a-light Creek (sta 34), 
this gradational 
present st a 6e of morphogenesis, and the material being 
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evacuated by the river at present was weathered, trans-
ported, com.minuted and re-deposited by another set of 
morphogenetic processes. Thus in the Strike- a- light 
Creek catchment the undercutting and removal of terraces 
in the present phase of fluvial erosion supplies sediment 
to the streams at a faster rate than destruction of 
material occurs on hillslopes. This importance of 
paleoclimatic processes an d their effects on contempor-
ary landforms has been. well demonst rated by Raynal (1958) 
in his study of soil erosion in Morocco and Central 
Europe. The landforms Raynal describes are similar 
to those of the Southern Tablelands of New South Wales 
and illustrate the importance of periglacial slope 
erosion and deposition for the modern rate of removal 
of ma terial by rivers. 
The time scale 
This distinction between the material being 
removed by the river at the present time and the rock 
destruction and debris detachment p rocesses which mad e 
the material avail able for fluvial transport may be 
taken further. In the Southern Tableland much of the 
material subjected to solifluction and erosion in 
Quaternary periglacial climates was the thick regolith 
of Tertiary deep weathering. The tor- like forms of 
the Tinderry Range along the divide between the Strike-
a- light and Queanbeyan catchments are made up of granite 
core stones produced in the Tertiary deep weathering but 
exposed by slope reduction processes under the less 
dense veget a tion of the Quaternary. The material 
derived from the Te rtiary regolith now extends as long 
slightly concave valley fills fro m the base of the 
I I 
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ranges out towards the main stream channels. The 
successive st 8ges of dissection and stripping of these 
t erraces and of accretion correspond to the five K-
cycles recognised by van Dijk (1959) in the Canberra 
area. Van Dijk argues that these phases occurred 
during the Qua ternary and that some remnants of Tertiary 
deposition may be found in the highest places, for 
example on the low hills near Bredbo where slope 
deposits corresponding to the K- cycle have bleached 
clay horizons which may have resulted from tropical 
weathering. 
If the arguments of van Dijk (1959) and 
Butler (1959) are followed, the present unstable phase 
of landscape evolution is causing the removal of debris 
from the previous five K- cycles. The rates of 
denudation measured at the present time therefore 
relate to the removal of rock debris which may have 
gone through at least five arid-pluvial phases during ' 
the Qu aternary. It is evident tha t the r a te of 
denudation as used here is not an accurate measure of 
the combined effects of weather~ng and erosion on the 
present day landsurface , it is merely , a measure of the .. 
net effect of denuding forces on the catchment as it 
is today. 
mined for 
knowledge 
involved. 
(I - ' - '--~ .. ' The ;u of the rate of denudation deter-
~ 
any pa rticular catchment depends on the 
j, ,h 't .;, ; 
of the catchment and the materials within it, 
I 
· the understanding of the t i me scale 
The time scale in the Southern Tablelands is 
long as the lan,d surface in that area has been exposed 
to subaerial denudation since the Devonian. In the 
basalt areas of Robertson and NE Queensland the time 
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scale is much shorter, but evidence of past phases of 
morphogenesis is found on older land surfaces in NE 
Queensland, for example in the terraces of the Mulgrave-
Russell corridor and the podzolised soils of the 
Mareeba- Dimbulah area. 
The areal scale 
The time scale is associated with the areal 
scale in its effects on the rate of denudation . While 
in this study comparisons are made between catchments 
of all sizes, from experimental plots to the Amazon 
Basin, it would have been preferable to have restricted 
comparisons to catchments with areas between 1 and 1000 
km
2
, had sufficient data been available. The discrep-
ancy between observations from catchments of differing 
size is not exactly known, but if a river basin is com-
pared with an experimental plot, it is readily evident 
that the many changes of slope within the river basin 
will result in local erosion and sedimentation not 
included in the volume of material removed from the 
basin by the river . The experimental plot is much more 
likely to have uniform slope and thus the net volume 
of material removed from the plot is more likely to be 
close to the gross volume of material detached and 
removed from the plot surface . 
The problems of scale in geomorphology have 
been discussed by Cailleux and Tricart (1956) and by 
Haggett, Chorley and Stoddart (1965). The latter 
team devised the G-scale for comparing areas in 
geographic studies. The two areas in eastern Australia 
compa red in this study have G-scale values of approxi-
mately 4.2 and 4.0 which correspond to the fourth 
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order of size described by Cailleux and Tricart . At 
this order of size the geomorphic units are predominantly 
structural. The two Australian ureas may however be 
considered repres entative of larger units of climatic 
significance which are of second order of size 1 with 
a G- scale value of approximately 2 . 0. At this scale 
broad climatic distinctions such as those between 
sahel, savanna and rain forest are apparent . Thus in 
the analysis of denudation rates presented in Chapter 
Six the relationships with precipitation and runoff 
alone are discussed . At this scale the broad climatic 
features are probably the most significant factors 
affecting denudation rates. 
The catchments themselves vary in size from 
one to several hundred km2 with G- scale values from 
8 . 7 to 7 . 0. At this scale factors which are dependent 
variables at smaller scales become independent variables 
in relation to catchment denudation, there being an 
areal as well as a temporal aspect of the relative 
dependence and independence of geomorphic factors;as ~ 
discussed by Schumm and Lichty (1965) . The discussion 
of the differences between individual ca tchments within 
~ 
the two Australian areas was thereforeAin terms of such 
factors as vegetation 1 soils 1 land use and relief. 
The relative importance of the particular 
factors of the denudation system thus varies with area . 
One of the a dvantage s of studying seve r al catchments 
in both areas being compared is that it provides data 
from a variety of local situations and helps to 
prevent the valu e of the compa rison being obscured by 
factors which are p eculiar to individual catchments. 
More detailed study of one or two catchments only in 
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each area would have provided much more accurate 
information on the processes within those catchments, 
but there would have been no means of checking the 
value of the data for inter- regional comparisons. 
Paleogeographic implications of the study of 
denudation rates 
The importance of the time- scale in the study 
of denudation rates cannot be minimised, although every 
effort to do so was made by studying small headwater 
catchments of uniforru. lithology which provided data 
from areas subjected to only one phase of morphogenesis . 
Much of the earth's surface however is made up of poly-
genetic landscapes. Raynal (1958) describes three 
great zones around the Northern Hemisphere between the 
Arctic Circle and equatorial Africa. In the northern-
most of these three zones the Quaternary glaciation has 
either sculpted the previous landsurface or buried it 
beneath glacial or fluvioglacial deposits . The southern-
most zone or Saharan - tropical domain is distinguished by 
high temperatures and only extremely localised frost. 
Between the two is an intermediate domain extending in 
the European area from central Germany to the High Atlas, 
or even the Anti-Atlas, in which there is a seasonal 
contrast between heat and cold and where the area was 
affected by Quaternary climatic oscillations which 
introduced the effects of frost and snow to quite low 
altitudes even on the equatorial side of the zone . 
Although there is some doubt about the relationship 
between the Quaternary of the Southern and No rthern 
Hemispheres, it is safe to assume that a similar zone 
affected by frost a11d snow at altitudes over 600 m 
during the Quaternary covers southern Australia and 
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that the remainder of the continent belongs to the 
Saharan - tropical domain . None of Australia is in 
either the extreme polar or equatorial zones which 
suffered no changes in morphogenetic systems during the 
Quaternary. 
Although all three zones of morphoclimatic 
oscillation show the imprint of these changes, the 
e.ffects are most marked in the intermediate unglaciated 
domain which suffered the extremes of frost and heat . 
As present day morphogenesis in this zone involves the 
modification of a polygenetic landscape, rates of 
denudation of all large catchments in this zone are 
bedevilled by the tine factor as such rates include 
rates of removal of superficial deposits as well as the 
products of ~ odern weathering processes . This leads 
to the conclu sion, implicit in Livingstone ' s remarks on 
the high rat e of chemical denudation in Europe ( 1963a), 
that denudat i on rates from this zone are characteristi-
cally affect ud by the removal of 1:t1a terial accumulated 
during the Qnaternary . Rates of denudation calculated 
for such area s are not therefore directly rel ated to 
changes in landforw but to the rate of excavation of 
the residue of past phases of geomorphic evolution 
which probably caused greater reduction of the contrasts 
in relief than the present phase of incision into 
valley fills. 
As such polygenetic landscapes are typical of 
the temperate zone, ratesof denudation derived from the 
volumes of material removed by rivers are an accurate 
measure of the operation of geomo r phic processes under 
present conditi ons . However, it mus t be emphasised 
that such rates of denudation are of little value 
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paleogeographically and esti1 8tes of rates of deposition 
on continental shelves derived from them cannot be used 
for the evaluation of sedimentation rates in earlier times . 
Paleogeographic effects on denudation rates measured 
in eastern Australia 
Despite evid ence of climatic change and relict 
soils in NE Queensland only two of the catchments studied 
there, Jild River (sta 12) and Davies Creek (sta 1), have 
deposits which are out of phase with the present morpho-
genetic system. Soil profiles in the remaining NE 
Queensland catchments appear to be of uniform development 
associated with present conditions, the only modifications 
being those caused by man. 
The New South 1:/ales catchments show the 
effects of several phases of mo r phogenesis but as 
differences between these catchments and those of NE 
Queensland exceed the differences within each area, these 
studies in eastern Australia p rovide a reasonably 
satisfactory comparison of contemporary denudation rates 
in humid tropical and moist temperate areas . 
FLUVIAL DENUDATION RATES .AND THE CLiii ATI C 
ENVIRONliENT OF CONTINENTAL SEDIMENTATION 
One of the hlajor conclusions of this investi-
gation is that there is a simple correl a tion between the 
annual amount and seasonal distribution of precipitation, 
the p2 : P ratio, and the suspended sediment load carried 
by the rivers . The implication for important controver-
sial problems of Australian pedology and geomorphology 
raised by the contrast between the results from eastern 
Australia and the USA (Langbein and Schumm, 1958) dis-
cussed in Chapter Eight merits examination . Butler (1958) 
claims that extensive sedimentation of the riverine plains 
of SE Australia took place during arid phases : 
. - . -~ 
' 
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During the phases of riverine deposition the 
ratio of alluvial load to water was high , and 
during the non- deposition phases it was low . 
High alluvial load and low volume of water 
would be associated with widespread erosion 
in the catchment areas, and low rainfall . 
That low rainfall and widespread erosion 
would be associated together is to be expected, 
because of the interrelation between rainfall , 
vegetative cover, and erosion . It is con-
cluded that higher erosion in the catchment 
area, due to more arid conditions there , was 
the cause of the phases of river depositi on 
on the Riverine Plain; (Butler, 1958 , p . 28). 
Langford-Smith (1960) associa tes this sedimentation with 
pluvial phases : 
There is some disagreement rega rding the 
climatic conditions under which this 
riverine sedimentation took place . . . 
However, substantial geomorphic evidence 
supports the view that it occurred during 
pluvial periods, and that these periods in 
turn were contemporaneous with glacial, or 
at least relatively cold, conditions . 
(Langford- Smith, 1960, p. 37 3) . 
A different chronology of riverine plains 
development presented in a later paper (Langford- Smith, 
1962) suggests that the most active erosion of the 
headwaters and deposition in the riverine plains occurr ed 
during periods of transition from arid to pluvial or 
from pluvial to arid conditions . Such periods may b e 
marked by increasing storminess and would have highe r 
p 2 :P ratios. From the data collected in eastern 
Australia an increase in sediment load would be expected . 
The importance of storminess and thus of high p2 :P ratio s 
for high sediment yields are implicit in van Dijk ' s 
comments on erosion in the Canberra district 
Accelerated hill - side erosion is most likely 
to be associated with sparse vegetative cover , 
and this in turn to be associated with semi-
arid and stormy rather than humid and equable 
climat i c conditions (van Dijk , 1959, p . 33) 
The erosive phases following the filling of 
river channels on the Queanbeyan- Canberra 
plain with gravels were very severe and 
included the stripping of the hillsides with 
the exception of some small part of the stony 
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or colluvial - alluvial cones . The climate 
must have included conditions conducive to 
poor surface protection and high transport -
ing power as indicated by the intensity of 
surface erosion which must have taken place. 
The possibility of intense seasonal rains 
separated by long periods of drought is 
indicated (van Dijk , 1959, p.35) . 
High p2 :P ratios would also have occurred 
under the arid conditions wh ich Galloway (1965) thinks 
prevailed in SE Australia in cold periods of the 
Pleistocene . Although it has been shown in Chapter 
Seven that snow is less effective than rainfall in 
eroding the soil surface, seasonal snow melt accompanied 
by heavy rains could have p roduced large river discharges 
with much erosion of headwater areas . Under the 
conditions described by Galloway river regimes would 
have been similar to those in the southern, dry Alps of 
France and the arid glacial Murrumbidgee could perhaps 
be compared with the Durance which at Pont de Mirabeau 
has a suspended sediment load of 385 m3/1crn.2/y ear , which 
is about 100 times the p resent r a te of denudation of the 
Murrumbidgee above Burrinjuck Dam. If allowance is 
made for the contrast in anthropic factors in the two 
catchments the Durance still has a much higher suspended 
sediment load than the Murrumbidge e. 
The two original contributions by Butler 
(1958) and Langford-Smith (1960) differ markedly, 
Butler suggesting that arid conditions favour high 
sediment loads, and Langford-Smith associating high 
sediment loads with pluvial phases . Later work has 
indicated that seasonal distribution of precipitation 
is important , thus concurring with the results from 
eastern Australia reported in Chapter Eight. 
The local evidence in SE Australia has led 
2 to the assumption that higher p :P ratios were 
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associated with conditions drier than the present, 
modern conditions being a "minor pluvial " (Langford-
Smi th, 1962) . However in areas of Australian homo-
climes in North frica sedimentation is equated with 
pluvial phases during which debris laden streams spread 
their loads across the plains, while interpluvial phases 
saw the dissection of these deposits (Raynal and Tricart , 
1963, Awad , 1963) . This contrast between arid and 
pluvial phases of morphogenesis is clearly stated by 
Raynal (1955) who fin~s. t~at in t he present interpluvial 
conditions 
Nombre d'oueds, alimentes par des sources, 
coulent suffisamment pour entretenir unlit 
qui canalise des crues puissantes . L'erosion 
lineaire l ' emporte done par suite de cette 
concentation des eaux en de multiples arteres 
pri vil egees . 
But during the pluvial phase : 
L'intense desagregation des horizons super-
ficiels, sur les versants, contribue a 
surcharger le raisellement qui s'etale en 
un e quantite de bras anast omoses, en sorte 
que les processus lateraux predominent, con-
duisant a 1 ' elaboration de vastes surfaces 
de glacis . 
The i' oroccan conclusions are supported by 
evidence from Algeria and Tunisia where calcareous 
crusts have been assumed to be evidence of climatic 
stability (Coque, 1955) . The formation of these crusts 
may result fro m several diverse processes (Durand, 1952 , 
1954, Boulaine, 1957) all of which require sufficient 
water to mobilise the calcium carbonate , but not so 
much water that the calcium is entirely washed out of 
the soil. The form ~tion of the crust has thus been 
equated with the transition period from pluvial to 
arid phase, with possible disintegration of the crust 
during the more arid period with recementation of the 
crust as more water becomes available towards the next 
- - - -- - ~,---,---
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pluvial phase . During the humid phase proper there is 
much erosion on the higher and steeper slopes with the 
spread of large alluvial deposits over the plains 
( Coque, 1955, Burollet, 1956) . The distinction between 
the deposits associated with the different pluvial 
phases is made easier in Tunisia by tectonic uplift of 
mountain blocks and downwarping of the plains which 
have raised older deposits high above the more recent 
spreads . 
The analogy between SE Australia and North 
Africa may not be entirely justified if Galloway ' s 
theory that Australian glacial periods were more arid 
t han the present is proved correct . There seems to be 
no reason for not accepting the suggestion that sedi-
mentation in the riverine plains resulted from high 
rates of denudation in the ca tchment a reas during 
periods of more irregular rainfall distribution than 
at p resent . But these higher p2 : P ratios could arise 
in wetter co nd itions than at p resent as well as in mor e 
arid conditions . In the a rid areas of Central 
Australia where p2:P ratios a re high, supply of sediment 
is so slow and storms causing runoff so infrequent 
that denudation rates are higher than in wetter areas 
(J .A. Mabbutt , personal communication) . Terrace 
sediments in the s ame area were deposited under con-
ditions wetter than the present (Litchfield, 1965) . 
The crucial point is whether the semi- arid conditions 
during which erosion of the headwater areas and 
sedimentation of the riverine plains occurred were 
wetter than conditions in central Australia at present . 
Average annual rainfall at Alice Sp rings in central 
Australia is 250 mm, at Canberra 575 mm and at Hay in 
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the Riverina 340 mm . The only possible conditions 
which would satisfy both evidence of semi- arid deposition 
in the Riverina and wetter than present deposition in 
Central Australia would be a decrease of not more than 
1 00 mm in average annual rainfall . Such a distinction 
is surely a fine one, even though it occurs at the 
crucial point in Langbein and Schum.m ' s curve (1958) . 
What is more significant is the increasing storminess 
producing the higher p2·:P ratios. The writer disagrees 
with Butler 's association of high alluvial load and low 
volume of water . He accepts the suggestion that erosion 
and sedimentation were associated with increasing stormi-
ness but feels that such storminess was not necessarily 
associated with drier conditions than the present, but 
may result from slightly higher, more seasonally distri-
buted precipitation, and would thus be analagous with 
sedimentation during pluvials in North Africa. 
The vegetation - climate problem in relation to 
sediment yield 
The arguments about the effectiveness of forest 
cover in restricting sediment yield used by Langbein and 
Schumm (1958) are not tested by the Australian data as 
all the areas studied in eastern Australia, apart from 
the higher localities of the Snowy Mountains, originally 
had a forest vegetation . tihile removal of the forest 
increases sediment yield , natural vegetation has no 
apparent affect on sediment yie ld wi thin the range 
of catchments studied in eastern Australia. The trend 
for suspend ed sediment yield to increase with greater 
volume and seasonality of precipitation is not influenced 
by the greater density of vegetation found in the wetter 
areas . 
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Although the contras ts between various types 
of r a in forest and sclerophyll vegetation were discussed 
in rel ation to their influences on hydrology and sur-
face loss of soil these cl o not see1.a to be important on 
the scale of the ve 6etation contrasts discussed by 
Langbein and Schumm ( 1958) . Areas of similar mean 
annual effective precipitation support different forms 
of vegetation in Australia and in the United St ates . 
Certainly the contrasts between fore st vegetation, 
grassland and shrub veget a tion described by Langbein 
and Schumm are greater than those within the varied 
forest types of eastern Australia . 
Anthropic factors 
Man 's influence on catchments more than 
obscures the effects of different types of vegetation 
discussed in the previous paragraphs . The data con-
sidered in this study suggest that human activity can 
increase suspended sediment loads one hundredfold . 
The natural hi s tory of man in North America has a much 
longer phase of destructive activity than that in 
Austral ia. Whether or not the Red Indians fired the 
prairies to help hunt the buffalo, the European has had 
longer to destroy the natural vegetation of the North 
America than has his counterpart to ruin the Australian 
landscape . The discussion of contemporary rates of 
denudation is rendered extremely difficult by this 
anthropic factor, which, as suggested in Chapter Eight, 
may be responsible for much of the discrepancy between 
the results from eastern Australia and those from North 
America. So difficult is the assessment of the 
anthropic factor that only true wilderness areas, as 
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suggested by Jennings (1965b) , could provide information 
on processes which would be valid for the paleogeo-
graphic interpretation of correlative deposits . 
The effects of human activity on present day 
geomorphic precesses are so great that it is virtually 
impossible to find a major r iver basin which could be 
u sed to measure continental denudation rates . One of 
t he current projects of the International Hydrologic 
Decade is to measure the sediment loads near the mouths 
of large rivers . While of great intrinsic interest for 
comparative purposes, the results so obtained will 
provide virtually nothing of value to sedimentologists 
in t erested in regional rates of sedimentation on the 
ge ologic time scale . 
Estimation of how much sediment is produced 
na turally and how much is due to human activity is one 
good reason for the study of paired experimental catch-
ments as pursued at the Coweeta experiment station in 
the U. S . A. Only the long records of catchment behaviour 
by such stations can give really accurate assess ents . 
In the kind of situation found in Australia where no 
such information is available, the broad r econnaissanc e 
study of the type followed in this thesis provides a 
reasonable approximation . Fig 56 clearly shows that 
the catchments most affected by man have s ediment yields 
higher than those from less affected catchments with 
the same runoff . 
Tectonic activity and the lower ing of the landsu r face 
In Chapter One the all - important role of 
tectonics in the denudati on system was discussed . Th e 
disparity between modern rates of denudation and 
II ( ) t ectonic uplift is illustrated by Hjulstrom 1935 and 
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discussed by Schumm (1963) . The rate of tectonic 
uplift in Australia is not well known. In the Snowy 
Mountains area it almost certainly exceeds tha t of the 
removal of debris, but it may be negligible in NE 
Queensland and in the Robertson area. 
If the aim of a denudation study is to 
eval uate the type of evolution - waxing or waning 
development - affecting landforms, tectonic activity 
has to be considered . 'When only the effectiveness of 
exogenetic processes are being conside red, as in this 
study, the volume of material removed from the catch-
ments is a good measure of the work done . While not 
providing the true measure of regional contrasts in the 
rate of wearing down or building up of the landscape , 
rates of denudation do present the true scale of the 
relative effi ciency of morphoclimatic systems . 
EFFECTS OF TROPICAL AND EXTRA- TROPI CAL FACTORS 
ON DENUDATION RAT ES 
The clear distinction between the sediment 
yields of NE Queensland and SE New South \Jales catchmen ts 
is due to the contrast in amount and seasonality of 
precipitation and not to any characteristically tropical 
or non- tropical factors . If an extended comparative 
investigation in other areas showed that tropical catch-
ments had higher sediment yields and that p 2 :P ratios 
are high only in the tropics , the logical conclusion 
would be that denudation rates are higher in humid 
tropical areas because they are wetter than other 
areas . However, as the data stand at present, areas 
in temperate regions which have seasonally concentrated 
precipitation of similar volume to that of tropical 
areas would be expected to have similar denudation rat es. 
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This leads to the general conclusion that the signifi -
cant factor is the availability of water and its 
seasonal distribution. This is the pattern of erosion 
suggested by de Martonne' s map of the dominant forms 
of erosion on the continents (1951, p.541) in which 
many tropical and non- tropical oceanic areas are 
classified under the heading "decomposition chimique 
et erosion normale ", a category which excludes the 
formerly glaciated areas. 
Even though de f"ia rtonne ignored the effects 
of periglaciation in temperate latitudes his impression 
tha.t in areas of similar rainfall there is little 
difference between tropical and non- tropical areas is 
confirmed by present day rat es of removal of material . 
In discussion of dissolved loads of rivers it was shown 
that the influence of lithology and precipitation amount 
and seasonality overshadow any effects of temperature 
in non-glacia ted areas. Thus it seems that the 
difference between wet temperate and humid tropical 
morphoclimatic conditions may have been exaggerated . 
The effects of forest vegetation, large volu es of 
wat er and associated soil - forming processes are so 
similar in humid tropical and wet temperate areas that 
to compare glacial, wet temperate, humid tropical, 
savanna and desert conditions as morphoclimatic 
systems of the same order is erroneous . \t/ . Ivi . Davis ' s 
threefold division into "normal '; glacial and arid 
systems provides the basic framework into which fit 
such lower order morphoclimatic conditions as 
periglacial, wet temperate, savanna and humid tropical 
systems which are effectively modifications and 
combinations of the three b asic types . 
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The wain contrast between humid tropical and 
wet temperate morphoclimatic systems lies in the depth 
of weathering accumulations which may affect landforms . 
Residual deposits from the Quaternary may act in the 
same way as deep weathering in the humid tropics to 
produce the rounded topography which de Martonne 
associates with areas of chemical decomposition and 
"normal erosion" . Much more understanding of the 
biotic factors involved 'in landform evolution is 
required to determine the role of forest vegetation in 
morphoclimatic systems . The same landforms recur 
throughout eastern Australia from Cape York to Cape 
Everard but this similarity may be du e as much to 
structural as to climatic influences . 
QUALITATIVE ASPECTS OF TH.i.!i DENUDATION SYSTEM 
The quantities of material involved in 
denudation are only half of the problem of defining 
denudation systems. Knowledge of the chemistry and 
mine r al ogy of the material carried by rivers provides 
a means of distinguishing morphogenetic processes. 
Only accurate knowledge of the sediments derived from 
particular rock types under specific climatic conditions 
can provide reliable information for the interpretation 
of correlative deposits . Some discussion of the 
chemical composition of river waters and the shape and 
size of bed aterial is included in the present work, 
but lack of time has prevented a complete examination 
of the mineralogy of suspended and bed material . 
RELIABILITY OF THE METHODS USED IN THIS ~TUDY 
An inductive and comparative approach is 
adopted in this thesis . Although natural denudati on 
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processes have not been reduced in scale but have been 
observed directly, emphasis has been placed on recording 
the behaviour of individual rivers and not on processes 
typical of a particular set of conditions. As stated 
in Chapter One, the populations sampled vary so much in 
such short periods that only continuous recording devices 
could provide a full picture of stream behaviour . 
Random sruJpling would have a poor probability of 
sampling the rare high flows which carry large volumes 
of sediment, and therefore a spot sampling technique 
was used with an effort to sam-)le as wide a range of 
flows as possible . If sufficient samples are collected 
over a wide range flows good relationships between 
denudation rat es and discha rge may be established. 
Fewer samples are needed to establish the dissolved 
load-discharge rel a tionship and the regressions obtained 
in this study for dissolved load were highly significant. 
However as suspended load varies so much, even a t the 
same discharge, some of these relationships were less 
satisfactory, and thus the estimated suspended load 
denudation rates are less reliable. 
Once these sediment rating curves are 
established at least daily mean discha r 6 e data are 
required to calculate annual sediment yields . Such 
data are only available for catchments with permanent 
gauging stations and recorders. Flow duration curves 
from these gauged catchments were used to estimate the 
frequency of occurrence of discha rges of various 
magnitudes on ungauged streams. This procedure worked 
well for tributaries of major gauged streams but was 
less satisfactory for catchments in rugged country such 
as the Bartle Frere-Bellenden Ker area of NE Qu eensland 
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and the Brindabella r anges of New South Wales . However 
there was no a lterna tive fil ethod of estimating dischar ges 
from these catchments devoid of rain gauges and river 
st age recorders . 
Despite these two basic weaknesses in techni-
que, the r esults obtained are remarkably consisten t. 
The most anomalous result, the extremely high sediment 
yield obt a ined for Babinda Creek (sta 9) , is biased 
by two factors , the very· high suspend ed sediment load 
measured on one occasion which may have been due to a 
catastrophic event such as a landslip , and to the 
dischar ge being assu@ed to be three times that of 
Behana Creek, on the basis of actual stream gaugings 
made on the same day , whereas it may i n f a ct be only 1.5 
times that of Behana Creek . 
Even though some e r rors inevitably arise, the 
broad reconnaissance ap p roa ch seems justified in view 
of the conc l usions and tests of other data which it has 
been possible to make . The conclusions from this 
broad investi gation should be tested by more detail ed 
investi gc.t ions of special problems. Particul a r attenti on 
should be paid to defining accur ately the conditions 
under which denudation is t aking pl ace . ~i orphogenesi s 
in the humid tropics has not been sufficiently related 
to speci f j_c environments . There are two ve ry broad 
tectonic categories within the tropics : platform 
areas and area s of recent s ed imentation which have low 
r elief a nd very rugged a reas of tectonics and vulcanicity . 
There are also grea t contrasts in r ai nfall re6i mes from 
oceanic isl a nds v~th the s ame r ainfall in each month to 
highly seasonal wet climates such as tha t of Innisfail . 
Compa r a tive studies should be illade in different humid 
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tropical environments to see whether the differences 
within the humid tropics exceed those small differences 
between humid tropics and wet t emperate areas. 
Documentation of the nature of processes is 
the first step in the scientific s tudy of landform 
evolution and is the result of detailed work in a speci-
fie environment . The second step is the comparative 
study which checks the result s f rom one area against 
another. A third st age· is the comparison of modern 
with ancient deposits and the use of t he evi dence of 
modern p rocesse s to est ablish past processes. The 
fourth st age in the est ablishment of the rel a tionship 
between the d eposits and the associated erosional 
landforms. 
In this thesis investigations of processes 
and comparisons between areas have been made and some 
suggestions of the problems of the third stage of 
geomorphic enqui ry have arisen. This inquiry asks 
more questions t han i t answers, but it does suggest 
tha t geomorphic p rocesses in humid tropical and wet 
temper a te environments are basically similar with 
slight differences in the rel a tive importance of 
physical and chemical factors. It also asks whether 
the interpretation of landform evo l ution can yet be 
pl aced on more than an observational classifying basis 
as so many fundamental questions of denudation remain 
inadequately answered. 
11111111111111 
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l"iorphometric analyses were based on 1:63,360 
and 1:50,000 topographic maps. Field checks showed that 
the smallest streams marked on maps were second order 
streams . It was assumed ~hat morphometric analysis 
depended on the permanent stream channels visible when 
there was no surface flow rather than on the lines of 
concentrate~ flow which sometimes occurred after extremely 
heavy rain . The channels used in morphometric analysis 
are thus physiographic features . 
The stream patterns on the topographic maps 
were traced, streams being extended up valleys to the 
edge of the catchment when the channel trace was not 
extended to fit the contour pattern. The Strahler (1952) 
method of stream nul!lbering was used . Streams without 
tributaries are first order streams, a second order 
stream deriving from the junction of two fi rst order 
streams, a third order stream from the junction of two 
second order streams and so on . 
The lengths of all segments of each order were 
measured and the following quantities were calculated; 
all measurements being in miles or feet: 
Drainage Density . The total length of all stream 
segments divided by the ~raina6e area. 
Ruggedness Number . The product of the Lr ainage density 
and catchment relief divided by 5 , 280, with the catchment 
relief defined as the diffe rence in altitude in feet 
between the highest and lowest points within the catchment . 
I 
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Relative Relief . Catchment relief mul tiplied by 100 
divided by the product of 5 , 280 and the catchment perimeter . 
LABORATORY METHODS 
The full details of laboratory procedures are 
given only when previous techniques were considerably 
modified to me et the needs of this investigation . 
Determination of total dissolved solids . Samples for 
chemical analysis are collected in polythene bottles and 
stored until required for analysis . The water sample 
is prepared by filtration through a Whatman No . 542 paper 
which has already been well washed with distilled water 
to remove all soluble hlate rial . 400 ml of the filtrate 
are placed in a platinum dish and evaporated to dryness 
over a steam bath . The dish is then dried in an oven 
at 105°c then cooled and weighed . The weight less th e 
weight of the 0.ry emp ty dish is the weight of dissolved 
matter contained in 400 ppm of the sample . The conc en-
tration in ppm is 2 . 5 x wei gh t in milligrams of dissolved 
matter in 400 ml of sample . 
Determination of suspended sediment concentration . 
The principl e of t hi s method is the filtration of the 
sample collected using the U. S . DH- 48 depth- integrating 
suspended sediment hand sampler . The chief problem 
is to ensure that all the suspended matte r is retained 
by the filter. After trials with various grades of 
1hatman papers and membrane filters it was found that 
l·Jhatman No . 542 papers gave the best results . As the 
papers a re not of constant weight and contain va rying 
amounts of soluble matter, ea ch paper is washed with 
distilled water , oven dried, cooled and weigh ed befo re 
being used . The bottle containing the sampl e i s 
I 
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violently shaken to ensure that all the solid mat ter 
collected by the sampler is in suspension . A portion 
of the sample is then p oured. rapidly into a measu ring 
cylinder and the volume is noted . The sample is then 
passed through the buchner funnel containing the filter 
paper . The passage of the water through the filter is 
assisted by mounting the buchner funnel in a filter 
flask which is coupled to ·a vacuum pump . \'/hen al 1 the 
sample has passed through the filter, the paper is 
removed, dried overnight in the oven at 105°c , then 
cooled in the de siccator and weighed . The original 
wei ght of the paper i s deducted and the quan tity of 
suspend ed sediment as mg pe r litre is calculated : 
mg residue x 1 , 000 
ml volume of sample . 
Hardness determination . In the 12.boratory BDH water 
hardness reagen ts we re used . 100 ml of the sample are 
placed in a white porcelain evaporating dish or conical 
flask on white tile, and for total hardness 2 ml of 
ammonia buffer solution and 1 total hardness t ablet , 
crushed for rapid solution 7 a re added . The s ample is 
titrated with N/50 EDTA solution until the solution in 
the dish or flask has lost all traces of red colour . 
The final colour at the end point is usually a clear 
blue, but with some wate rs it is a neutral g rey. Then : 
Total ha rdness (p pm in 
terms of calcium carbonate Caco 3) 
= 
titration in ml x 1, 000 
volume of sample in ml . 
For cal cium hardness the procedure is the s am e except 
t hat 1 ml of 4N sodium hydroxide solution and 1 calcium 
hardness indicator tablet are added to the solution. 
The colour change is from rose pink to violet . The end 
point is reached when the addition of 0 . 1 ml of the N/50 
' 
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EDTA solution produces no furth e r colour change . Then: 
Calcium ha r dness (ppm in 
terms of calcium ca rbonate= titration in ml x 1 , 000 
volume of sample in ml Caco3) 
The m2gnesiu ha rdness of the water is given by the 
difference between the total and the calcium hardness . 
Silica determination . Silica was determined using the 
a mm onium molybdate method .which is now widely used in 
geologic work . This co l orime tric method is r apid and 
reli able p roviding f ull recognition is uad e of the factors 
which control the silicomolybda te reaction . Gavett (1961) 
emphasises the effects of the pH of the molybdate solution 
and the concentration of acid in the solution . Too 
little or too much free acid results in diminution of 
the intensity of the yellow colour due to silica. 
Tempera ture conditions which a ffect pH are important . 
The coloursproduced by the add ition of amm on-
ium mol yb ate and sulphuric acid to solutions containing 
silica wer e colilp a red with l;lass colour st andards using 
the Lovibond Ne ssl e riser a ccording the p rocedure des-
cribed in Tintometer (n . d . ) . The temp erature of 
determina t ion is given as betwe en 25° and 35°c, but in 
practice r eproducible results were not obt ained within 
these limits and determina tions were made on solutions 
at 30°c . Even wit h this precaution the determina tion 
was not always s a tisfa ctory and two determinations were 
made on ea ch sample to ensure tha t results were 
reproducible . 
Fluoride determina tion . The modified zirconium- alizar in 
method developed by Leyling and irnyling ( 196 3 ) was used . 
The procedure described by these authors was followed 
exactly and is therefore not repeated . Results with 
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this method a re rep rodu cible and no difficulties were 
experi enced . 
Nitra te determination . Nitra te was determined using 
phenoldisulphonic acid . fuen a spectrophotometer was 
available t he p rocedure described by Rainwater and 
Thatcher (1960, p . 216) was used . At other times deter-
minations were hl ade using _t h e Lovibond Nessleriser as 
described i n the Tintometer manual (n. d .). 
Although chloride is said to interfere in 
this det e rmin a tion, the river and r a in waters analysed 
during this investi gation had chlori de concentrations 
too small to cause interference . As these waters were 
so dil u te it was neces s ary to evaporate much l a rger 
quantities of the s ample than those recomm ended by 
Rainwat e r a nd Thatcher . 
A prepa red phenoldisulphonic acid solution 
s upplied by BDH was used, obviat i ng the need to prepare 
a special reB.gent a s d escribed by Rainwater and Thatcher . 
Chloride determination . The well known i" ohr method using 
silver nitra te was used . The procedure is described by 
Rainwater and Thatche r (1960, p.141) but in practice 
some c a re was required to ensure that the end point was 
taken consistently a t the same degree of chang e from 
yellow to red . \·/hen potassium chromate is used as 
indicator the chromate ion combines wit h the excess 
silver to form very s lightly soluble red silver chromate . 
The sample has to be constantly agitated to ensure that all 
the chloride is precipita ted as AgCl . The endpoint 
occurs when all the chloride has been precipitated and 
the excess s ilver f orms the red silver chromate . A 
yellow light helps to make the end point more easily 
detectable . 
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Sulpha te determination . Sulphate was detennined by a 
turbidimatric method using bariurn chloride , in which 
sulpha te is p rec ipi tated as b a rium sulphate and the 
resultant turbidity is compared with tha t produ ces in 
stand a rds of known concentration . Raimmter and Thatche r 
( 1960, p . 284) suggest that this ra ethod is only suit able 
for rough app roxi m2.tions and field tests . However, 
an accuracy of± 0 . 5 ppm was obt a ined by using a 
spectrophotometer to tueasu re the absorbancy of the samples . 
The standard turbidity solution is prepared by 
the addition of 1 . 25 ml of N/100 sulphuric acid to 2 ml 
of dilute hyd rochloric acid and their dilution to 45 ml 
with distilled water, and the addition of 5 ml of barium 
sulphate reagen t . The solution is immediately sti r red 
with a gl a ss rod and allowed. to stand for fiv e minutes . 
To prepare the barium sulphate reagent : mix 
15 ml of M/2 barium chloride, 55 ml of water and 20 ml 
of sulph~te f ree alcohol (95%) , add 5 illl of a 0 . 0181 
per cent w/v solution of potassiuw sulphate, dilute to 
100 ml wit h water and mi x . This reagent mus t be freshly 
prepared for each set of determinations . /2 barium 
chloria e is p r epared by dissolving ba rium chloride in 
water so that 1,000 ml of solution contain 122 . 2 mg 
of BaC1 2 . 2H20 . N/100 sulphuric acid solution is made 
up from BDH co ncentrated volumetric sulphuric acid which 
is standardised against a boiling solution of sodium 
carbona te using phenolpht halein as indicator . 1 ml of 
the N/100 sulphuric ac id solution cont ai ns 0 . 000 49 ml 
H2so 4 • 
GRAIN .SIZE PARAi·IETERS 
Grain size parameters are read from cumulative 
probability plots using the phi (¢) scale . This scale 
has the following equivalents in milliffiet res : 
¢ value 
3 
2 
1 
0 
- 1 
- 2 
- 3 
millimet res 
o. 125 
0 . 25 
0 . 5 
1 
2 
4 
8 
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The par ame ters used to describe the sorting and size 
distribution of fluviatile illaterial are those described 
in Folk R. L. and Ward \</.C . (1957) Brazos River Bar : 
a study in the significance of Grain- size parameters . 
J . sedim . Petrol . , 27 , 3- 26 : 
Inclusive Graphic St andard Deviation, 
¢84 ¢1 6 
4 + 
¢95 
6 . 6 
Inclusive Graphic Skewness , SkI : 
¢1 6 + ¢84 
2 (¢84 - - 2¢50 ¢1 6 ) + ¢5 + ¢95 2(¢95 
2¢50 
¢5) 
Graphic Kurt osis, KG : 
~95 -2. 44 ¢75 ~~5) 
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APPENDIX T '/0 
APPLICATION OF DEFI NITIONS o:-e THE 
HUMID TRO? ICS TO NORTH- EAST QUEENSLAND 
Table 1 shows the KBppen and Garnier 
Classifications of the clima te at five NE Queensland 
s t ations . 
are : 
II 
Koppen Af 
Am 
Aw 
Cwa 
Garnier Y2 
Z 1 
Z2 
Z3 
The definitions of the t ypes in that table 
average annual temperature of a bout 25°c 
with at least 60 mm rainf all in the d riest 
month. 
average annual temperature of about 25°c 
with at least 9 months with more than 
60 mm rainfall. 
average annual temperature of about 25°c 
with at least 6 months with more than 
60 mm rainfal 1. 
average te~peratur6 of coldest month between 18 C and 2 C. More than 25% 
of r ainfall in three summer months and 
avera ge temp6r a.ture of wa rmest month 
more than 22 C. 
12 months with mean monthly tempera ture 
20°c or mo r e, mean relative humidity 65% 
or more and mean vapour pressure 20 mb, 
or more . r ean annual rainfall of at 
least 1000 mm and 6 to 11 months with 
mean monthly r ainfall of at least 75 mm . 
8 to 11 months with mean monthly tempera-
ture 20° c or more, mean relative humidit y 
65% or more and 6 to 11 months with mean 
vapour pressure 20 mb, or more . Mean 
annual rainfall of at least 1000 mm and 
12 months with mean monthly rainfall of 
at leas t 75 mm . 
8 to 11 months with mean monthly tempera-
ture 20°c or more , mean relative humidity 
65% or more and 6 to 11 months with mean 
vapour pressure 20 mb or more . Mean annual 
rainfall at least 1000 mm and 6 to 11 
months with mean monthly rainfall of at 
least 75 mm . 
8 so 11 months with lil ean monthly temperature 
20 C or more, mean relative humidity 65% 
or more and 6 to 11 month s with u1ean vapou r 
pressure 20 mb or more . Vi ean annual rain-
fall at least 1000 ulIIl and/or fewer than six 
months with mean monthly r ainfall of at 
least 75 mm . 
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These classifications distinguish the very wet 
coastal areas a round Innisfail from those further north 
with more irregular and smaller am ounts of r ainfall. 
The thermal boundary i mp osed by the elevati on of the 
Ath e rton Tableland also eme rges . However, as suggested 
by Mohr and van Baren ( 1954 , p . 69), a classifica tion 
based on the distribution of rainfall has greater signif-
icance for tropical areas .· While 1fohr and van Varen 
define a wet month as one with more than 100 mm rainfall 
and a d ry month as one with less than 60 mm rainfall, 
the most meaningful grouping of rainfall stations in NE 
Queensland is tha.t which considers months with over 200 
mm as wet months and months with 1 ess than 60 mm as dry 
months . The groupings which emerge are : 
Months with 
less than 
60 mm r ain-
fall 
0 
2 
Man tbs wit b 
less than 60 
mm rainfall 
4 
5 
Months with over 200 mm rainfall 
4 
Millaa-
Millaa 
Clump Pt . 
5 
Jujunna 
Topaz 
Lower 
Tully 
Daintree 
\-lhyanbeel 
6 
Deeral 
Goondi 
Innisfail 
S . Johnstone 
7 
Babinda 
Tully 
Months with over 200 mm rainfall 
1 2 3 4 5 
Kirrama 
Danbulla 
Gadgarra 
Malanda 
Peeramon 
Shottery 
Barrine 
Cairns 
Aero . 
Hambledon 
Julatten 
Mulgrave 
Upper 
Barron 
Cairns 
Kuranda 
Mossman 
Pt . 
Douglas 
Sth . 
li ossman 
~l>,.<6 
Months wit h 
less than 60 
mm rai nfall 
6 
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Months with over 200 mm rainfall 
2 3 4 5 
Herbert on 
Ravenshoe 
Atherton 
Kairi 
Tolga 
Yungaburra 
Mowbray 
Molloy 7 
8 Dimbulah Irvinebank Cholesy 
Mareeba Walk am in 
Chillagoe 
This table provides a satisfactory subdivision of both 
coastal and tableland stations on the basis of rainfall 
distribution . Millaa- Millaa , Jujunna and Topa z stand out 
from the remain~er of the stations on the Atherton Table-
1 and as areas of much wetter climates than those around 
Atherton and Kai ri. The Table also emphasises the long 
dry periods which prevail to the N\•/ of the area around 
111areeba and Irvinebank . As i1ohr and van Baren suggest, 
such a classifica tion has significance for soil moisture 
regimes and thus for vegetation, the boundary between 
rain forest and sclerophyll veget a tion coinciding with 
the stations having five or six months with less than 
60 mm rainfall . 
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APPENDIX THREE 
LIST OF THE Ii ORE HiPORTANT TROPICAL 
CYCLONES I N CAIRNS- INNISFAIL AREA 
Date 
1878 Mar 8 
1906 Jan 28 
Particularly disastrous storms underlined 
Chief locality 
Cairns 
Cairns 
Remarks 
Terrific cyclone . mch 
property destroyed . 
Cyclone from NE . Cairns 
devastated . 
1908 Jan 7- 11 Cairns etc . Cyclone passed SS W along 
coast . Heavy gales on 
N part. 
1911 Ma.r 16 
1912 Apr 5-7 
1913Jan29-
Feb 4 
Cairns,Innisfail Cyclone from North . 
Severe damage at Cairns; 
practically all buildings 
at Port Douglas were 
damaged and two lives lost . 
Heavy rain, 232 mm in 12 
h r s ., 310 mm in 36 hrs . 
Innisfail Cyclone from North . Houses 
wrecked . Heavy rain . 
Cairns to Darwin Cyclone from East struck 
coast between Cooktown and 
Cardwell on 29th and tra-
versed W to Darwin on Feb 
4th . Severe damage at 
Cairns, Innisfail etc . 
Record floods at Cairns, 
Innisfail etc . 
1918 Mar 9- 10 Innisfail Cyclone from E crossed 
Cape York Penin . doing 
great damage at Innisfail. 
1920 Feb 2 Chillagoe, 
Mareeba and 
Molloy 
1926 Feb 8- 9 Townsville to 
Cairns 
1927 Feb 7-10 North Coast 
Cyclone from NE advanced 
with great rapidity to the 
coastline between Cooktown 
and Townsville, and appar-
ently passed inland in 
Cairns district during 
night of Feb 2nd . Several 
houses unroofed at Mareeba . 
Almost all buildings at 
Molloy blown down . 
Flood rains . 
Cyclone off N coast . 
Floods in Tully and 
Herbert Rivers . Heavy 
r ains . 
Intense tropical cyclone 
moving W crossed coast 
near Cairns 10th . Reco r d 
floods in Barron,Herbert 
and Tully Rivers . 
Chief 1 ocali ty 
1930 Jan 19- 21 Ingham and 
Tully 
1931 Feb 1- 8 Innisfail and 
Brisbane 
1932 Jan 17- 20 North Coas.t 
1934 Feb 19-21 Innisfail to 
Townsville 
1934 Mar 14-13 Coral Sea 
1935 Feb 25 -
Mar 13 
Innisfail and 
Tully 
1958 Feb 12- 24 North Coast 
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Remarks 
Cyclone developed from 
Inland depression and 
again moved inland . 
Heavy rains . Floods in 
Tully and Herbert Rivers . 
Intense cyclone off north 
coast moving S . 
Torrential rains and 
floods Innisfail district . 
Cyclone hl oved from Gulf of 
Carpen taria across penin-
sula to North Coast . 
Torrenti a l rains, cane-
fields 10 m under water . 
Cyclone over Coral Sea, 
19th, moved down the 
coast . Further floods . 
Intense cyclone in Coral 
Sea, moving W, caused 
torrential rain and gales . 
Lives lost . Damage to 
roads ru1 d r a ilways . 
Tida l wave . 
Cyclone off N coast . 
Flood r ains Port Douglas 
to Tully . Much dama6e at 
Innisfail and Tully where 
floodwaters up to 1927 
level . 710 ID1!l of rain in 
24 hrs . at Deeral . 
Heavy flood rains . 
1959 Jan 4- 23 Innisfail - Cairns 232 mm rain at 
1959 Dec 24 to North Coast 
1960 Jan 4 
Innisfail on 20th . 50 
knot winds at Cairns . 
Flooding by Russell River . 
Heavy rains (over 175 mm 
in 24 hours) . 
1960 Mar 14- 28 Daintree- Cooktown Heavy r ains 
1961 Jan 2 to North Coast 
6 
1964 Dec 5- 9 North Coast 
Violent winds and heavy 
rains 158 mm in 24 hours 
at Mt . Molloy 
Flood r ains 1-i ossman to 
Bowen . Railway and road 
cut . 
